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OPTICAL RECORDING/REPRODUCING APPARATUS FOR 
OPTICAL DISKS WITH VARIOUS DISK SUBSTRATE THICKNESS 



PRELIMINARY AMENDMENT 



Assistant Commissioner of Patents 
Washington, DC 20231 

Sir: 

After grant of a filing date, please amend the above-captioned application as follows: 
IN THE CLAIMS 

Please cancel claims 25-83, without prejudice or disclaimer. 
Please add the following new claims 84 and 85: 

84. An optical recording/reproducing apparatus for recording, reproducing or erasing an 
information signal onto/from any one of N types (where N >= 2) of optical discs having 
transparent substrates of different thicknesses, each type of said optical discs having at least said 
transparent substrate and an information laver, bv converging a light flux onto said information 
layer through said transparent substrate, said apparatus comprising: 

(a) an optical head including (1) light emitting means for emitting said light flux. (2) 
optical means for converging said light flux onto said information layer, and (3) at least one 
photo detecting means for detecting reflected light from the optical disc: and 



fb) optical head moving; means, adapted to be arranged on one side of an optical disc 
loaded in said apparatus, for moving said optical head relative to the optical disc loaded in said 
apparatus to traverse a recording track thereof; 

wherein said optical means comprises different effective numerical apertures which 
number is equal to or less than N. for converging the light flux on said information layer of 
corresponding one of said N types of optical discs and said optical means converges said light 
flux as a smaller spot diameter D by employing a larger one of said effective numerical apertures, 
with respect to one of said optical discs having a thinner one of said substrates, 

wherein thicknesses of said transparent substrates of said N types of optical discs are 
substantially equal to or less than 1.2mm and said effective numerical apertures in said 
converging means are substantially equal to or larger than 0.45. 

85. An optical recording/reproducing apparatus for recording, reproducing or erasing an 
information signal onto/from any one of N types (where N >= 2) of optical discs having first 
layers of different thicknesses, each type of said optical discs having at least said first laver being 
transparent and a second layer for storing information, by converging a light flux onto said 
second layer through said first laver. said apparatus comprising: 

(a) an optical head including (1) light emitting means for emitting said light flux. (2) 
optical means for converging said light flux onto said second layer, and (3) at least one photo 
detecting means for detecting reflected light from the optical disc: and 

(bl optical head moving means, adapted to be arranged on one side of an optical disc 
loaded in said apparatus, for moving said optical head relative to the optical disc loaded in said 
apparatus to traverse a recording track thereof: 

2 



wherein said optical means comprises different effective numerical apertures which 
number is equal to or less than N. for converging the light flux on said second layer of 
corresponding one of said N types of optical discs and said optical means converges said light 
flux as a smaller spot diameter D by employing a larger one of said effective numerical apertures, 
with respect to one of said optical discs having a thinner one of said first layers. N numerical 
apertures, with respect to one of said optical discs having a thinner one of said first layers. 

wherein thicknesses of said first layers of said N types of optical discs are substantially 
equal to or less than 1 .2mm and said effective numerical apertures in said converging means are 
substantially equal to or larger than 0.45. 

IN THE SPECIFICATION 

Before the first line, insert -This is a continuation of reissue application Serial 
No.08/396,981 filed March 1, 1995 which is areissue of U.S. Patent No. 5,235,581. 
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Early and favorable consideration of this application is respectfully requested. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In re the Application of 

Inventors: Naoyasu MIYAGAWA, et al. Prior Art Unit: 2753 

Application No.: Continuation Application Prior Examiner: N.Hindi 

of Serial No. 08/396,981, 
filed March 1, 1995 

Filed: November 22, 1999 

For: OPTICAL RECORDING/REPRODUCING APPARATUS FOR 

OPTICAL DISKS WITH VARIOUS DISK SUBSTRATE THICKNESS 

PRELIMINARY AMENDMENT 

Assistant Commissioner of Patents 
Washington, DC 20231 

Sir: 

Prior to initial examination on the merits, please amend the above-cap tioned application 
as follows: 
IN THE CLAIMS 

Please cancel claims 1-24, without prejudice or disclaimer. 

Please add the following new claims: 

~ 86. An optical recording/reproducing apparatus for recording, reproducing or erasing 
an information signal onto/from any one of N types (where N >= 2) of optical discs having 
transparent substrates of different thicknesses, each type of said optical discs having at least said 
transparent substrate and an information layer, by converging a light flux onto said information 
layer through said transparent substrate, said apparatus comprising: 

(a) an optical head including (i) light emitting means for emitting said light flux, (ii) 
optical means for converging said light flux onto said information layer, and fiii) at least one 
photo detecting means for detecting reflected Ught from the optical disc: and 





(h) optical head moving means adapted to be arranged on one side of an optical disc 
loaded in said apparatus, for moving said optical head relative to the optical disc loaded in said 
apparatus to traverse a recording thereof; 

wherein said optical means comprises different effective numerical apertures for 
converging the light flux on said information layer of corresponding one of said N types of 
optical discs and said optical means converges said light flux as a smaller spot diameter D bv 
employing a larger one of said numerical apertures, with respect to one of said optical discs 
having a thinner one of said substrates, and 

wherein thicknesses of said transparent substrates of said N types of optical discs are 
about 1.2mm or less than 1.2mm. 

87. An optical recording/reproducing apparatus for recording, reproducing or erasing an 
information signal onto/from any one of N types (where N 2) of optical discs having first 
layers of different thicknesses, each type of said optical discs having at least said first layer being 
transparent and a second layer for storing information, by converging a light flux onto said 
second layer through said first layer, said apparatus comprising: 

(a) an optical head including (i) light emitting means for emitting said light flux, (ii) 
optical means for converging said light flux onto said second layer, and (iii) at least one photo 
detecting means for detecting reflected light fi'om the optical disc; and 

(b) optical head moving means adapted to be arranged on one side of an optical disc 
loaded in said apparatus, for moving said optical head relative to the optical disc loaded in said 
apparatus to traverse a recording track thereof; 
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wherein said optical means comprises different numerical apertures for converging the 
light flux on said first layer of corresponding one of said N types of optical discs and said optical 
means conyerges said light flux as a smaller spot diameter D by employing a larger one of said 
effective numerical apertures, with respect to one of said optical discs having a thinner one of 
said first layers, and 

wherein thicknesses of said first layers of said N types of optical discs are about 1 ,2mm 
or less than 1 ^mm. 

88. An optical recording/reproducing system comprising: 
an optical recording/reproducing apparatus for recording, reproducing or erasing an 
information signal onto/from any one of N types (where N 2) of optical discs having 
transparent substrates of different thicknesses, each type of said optical discs having at least said 
transparent substrate and an information layer, bv converging a light flux onto said information 
layer through said transparent substrate, said apparatus comprising: 

(a) an optical head including (i^ light emitting means for emitting said light flux, (ii) 
optical means for converging said light flux onto said information layer, and (iii) at least one 
photo detecting means for detecting reflected light from the optical disc: and 

(b) optical head moving means adapted to be arranged on one side of an optical disc 
loaded in said apparatus, for moving said optical head relative to the optical disc loaded in said 
apparatus to traverse a recording thereof: 

wherein said optical means comprises different effective numerical apertures for 
converging the light flux on said information layer of a corresponding one of said N types of 
optical discs and said optical means converges said light flux as a smaller spot diameter D by 
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employing a larger one of said numerical apertures, with respect to one of said optical discs 
having a thinner one of said substrates, 

wherein thicknesses of said transparent substrates of said N types of optical discs are 
about 1 .2mm or less than 1 .2nmi, 

(c) a system controlling means coupled to said converging means for moving said 
converging means relative to the optical discs loaded in said apparatus to traverse a recording 
track thereof: and 

(d) a signal processing means coupled to said photo detecting means for encoding or 
decoding said information signal. 

89. An optical recording/reproducing system comprising: 
an optical recording/reproducing apparatus for recording, reproducing or erasing an 
information signal onto/from any one of N types (where N >= 2) of optical discs having first 
layers of different thicknesses, each type of said optical discs having at least said first layer being 
transparent and a second layer for storing information, by converging a light flux onto said 
second layer through said first layer, said apparatus comprising: 

(a) an optical head including fi) light emitting means for emitting said light flux, (ii) 
optical means for converging said light flux onto said second layer, and (iii) at least one photo 
detecting means for detecting reflected light fi'om the optical disc: and 

(b) optical head moving means adapted to be arranged on one side of an optical disc 
loaded in said apparatus, for moving said optical head relative to the optical disc loaded in said 
apparatus to traverse a recording track thereof: 
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wherein said optical means comprises different numerical apertures for converging the 
light flux on said first layer of corresponding one of said N types of optical discs and said optical 
means converges said light flux as a smaller spot diameter D by employing a larger one of said 
effective numerical apertures, vdth respect to one of said optical discs having a thinner one of 
said first layers. 

wherein thicknesses of said first layers of said N types of optical discs are about 1 .2mm 
or less than 1 ^mm. 

(c) a systems controlling means coupled to said converging means for moving said 
converging means relative to the optical discs loaded in said apparatus to traverse a recording 
track thereof; and 

(d) a signal processing means coupled to said photo detecting means for encoding or 
decoding said information signal. ~ 



Early and favorable consideration of this application is respectfully requested. 

Respectfully submitted, 



JEL/ldh 

ATTORNEY DOCKET NO. JEL 28567RE-C 

STEVENS, DAVIS, MILLER & MOSHER, L.L.P. 

1615 L Street, NW, Suite 850 

P.O. Box 34387 

Washington, DC 20043-4387 

Telephone: (202)408-5100 

Facsimile: (202) 408-5200 



REMARKS 



Date: December 13, 1999 




Registration No. 28,732 



5 



I 5233531A 

United States atent [19] [u] Patent .number: 5,235,581 

Miyagawa et al. [45] Date of Patent: Aug. 10, 1993 



[54] OFnCAL RECORDING/REPRODUCING 
APPARATUS FOR OPTICAL DISKS WITH 
VARIOUS DISK SUBSTRATA imCKNISSES 

[75J Inventors: Nioyasa Miyagairi, Suita; Yaiuiiiro 
Gotob, Kadoma, both of Japan 

(73] Assignee: Matsushita Electric IndastruJ Co., 
Ltd., Osaka, Japan 

[21] App]. No.: 740,629 

[22] Fded: Aug. 5, 1991 

[30] Foreign Appb'cation Priority Data 



Aug. 9. 1990 [Jp] . Japan 2-222537 

Oct. 22, 1990 [JP] Japan „ 2-2Z'XlC6 

Mar. n, 1991 [JP] Japan „ 3-OU798 

[51] Int.a.5 CUB 7/00 



[52] U.S. a. 3^9/44.12; 369/1 12; 

369/44.23; 369/58 

[5EI Field of Search 369/'i4. 1 1, 44.12, 109, 

369/1 12, IIS, 44.23, 44.24, 94, 93, 95, 38, 44.37; 

250/201.3, 227.11 

[56] References Oted 

U.S. PATENT DOCUMENTS 

4,S41,<02 6/1589 Munkami et il „. 369/lOQ 

4,937,308 6/1990 Shimada et iL 169/^.11 

5,097,464 3/1992 Nishmchi et al 369/1 12 

FOREIGN PATENT DOCUMENTS 
025244i 1/1988 European Off. . 



0327033 3/1939 European Pat. Off. . 

Primary Examiner — Aristotciis Psitos 

Assistant Examiner — Nabi] Hindi 

Attorney. Agent, or Firm — Stevens, Davis, Miller &. 

Moshcr 

[57] ABSTRACT 

An optical disc apparatus for recording, rcproducbg or 
erasing an inforrnaLion signal by converging a light flux 
ODto a recording layer througfi a transparent substrate. 
The apparatus includes one or a plurality of optica! 
heads having a piuraiity of objective le.ises whiose aber- 
rations have rcspecdvely been corrected for a plurality 
of disc substrates of diiTereat thicknesses, a cartridge for 
e.nclosing the optical disc, a discrimination hole which 
b fomned on the cartridge, and a sensor for detecting 
the ope.iing/cicsing state of the discrimination hole and 
for generacag a discrimination signal. In accordance 
with the result of the discrimination as to the thickness 
of the loaded optical disc, the objective lens, in which 
the occurrence of the aberration is smallest, is used, so 
that the int'onnation signaJ can preferably be recorded, 
reproduced or erased onto/from the optical discs hav- 
ing diilerent substrate thicknesses. Instead of an optical 
head having objective lesscs, an optical head having a 
waveguide and a piuraiity of converging grating cou- 
plers whose aberranons have respectively been cor- 
rected for a piuraiity of disc substrates of diuerent 
thicknesses is provided to achieve the same object. 

24 Gakns, 18 Dra'wing Sheets 
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OPTICAL RECORD [NG/REPRO DUONG 
APPARATUS FOR OPTICAL DISKS WITH 
VARIOUS DISK SUBSTRATE THICKNESSES 

BACKGROUND OF THE INVENTION 

1. Field of Ihc Invention 

The invention relates to an optical disc apparatus 
which can record, reproduce, or cras« infonnadon sig- 
nais onto/from both of an optical disc having a record- 
ing density similar to that of a conventional CD (com- 
pact disc) and an optical disc having a recording density 
higher than the above recording density. 

2. Description of the Prior Art 

In recent years, in addition to an optical disc appara- 
tus only for reproduction such as a CD player or the 
liic, an optical disc apparatus which can record and 
reprodi:ce an information signal is actively being devel- 
oped. 

Ordinariiy, the recording and reproduction of an 
information signal onto/from an optica! disc arc exe- 
cuted by converging a beam which is radiated from a 
semiconductor laser or the like onto a recording layer 
of the optical disc by a lens. The recording layer here 
denotes a pit layer in the case of a CD and is a layer in 
which a deformation, a change in optical constant, a 
formation of a magnetic domain, or the like is per- 
fonned by a converged laser beam in the case of a re- 
cordable optica] disc. To raise a recording density of the 
optical disc, it is necessary to reduce a spot diameter D 
of the converged beam. Tl-icrc is the following relation 
among the spot diameter D, a numerical aperture NA of 
the lens, and a wavelength X of the laser beam. 




(!) 



The above equation (I) denotes that the beam spot 
diameter D decreases by using a lens of a large NA. 
That is, by increa.'iing NA, the high density recording 
can be e.xeouted. 

When NA of the lens increases, however, an aberra- 
tion of the converged beam due to an inclination error 
of the disc called a tilt increases. Particularly, a coma 
aberration increases, There is the following relation 
among a wave front abeiration W^- of the coma, a tilt 
angle a, and NA when using a thickness d and a refrac- 
tive index n of the disc substrate. 

The above equation (2) denotes that in the case of 
tisLng a lens of NA which is larger than that of the 
conventional lens, even if a tilt angle is identical, the 
coma aberration increases. It will b: understood from 
the equation (2), however, that there is an effect to 
suppress the coma aberration by setting the thickness d 
of the disc substrate to be thin. In the optical disc ,'"cr the 
high density recording, therefore, it is preferable that 
the thickness of the disk substrate is thinner than that of 
the conventional optical disc, so that an optical head 
using an objective lens corresponding to the thm disc 
substrate is needed. 

On the other hand, even in the optical disc apparatus 
corresponding to the high density recording, it is prefer- 
able that the conventional optica! disc of a thick sub- 
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strate can be aiso reproduced so that a great amount of 
conventional software resources can be utilized. 

However, the optical head which has been designed 
for a thin substrate cannot be used for an opticaJ disc of 
a thick substrate. The reasons v(/i!I now be described 
hcreinbclow. The objective lens for an optical disc has 
been designed so as to set off a spherical aberration 
which occurs when the converged beam passes in the 
disc substrate. Since such an aberration is corrected in 
accordance with the thickness of the disc substrate, the 
aberration correction h not accurately performed for 
the converged beam which passes through the disc 
substrate having a thickness difTcrcnt frotn the design 
vaJuc. The above point will cow be explained with 
reference to the drawing. FIGS. ISA and 18B axe sche- 
matic side elcvationaJ views for c:5p!aining a situation of 
the occurrence of the aberration due to the disc sub- 
strates having dilTercnt thickncs-w. FIG. ISA is a dia- 
gram in the case of using an objective lens which has 
been designed for a thin disc substrate and shows traces 
of lights in a stale in which a beam hss been converged 
through the disc substrate having the same thickness as 
the design value. In the diagram, a broken line indicates 
the surface of a recording layer and all of the lights 
emitted from the objective lens are converged to one 
point 0 on the recording layer surface. FiG. I8B is a 
diagram in the case of using an objective lens which has 
beea designed for the same thin disc substrate as that of 
FIG. ISA and shows traces of lights in a state in which 
the beam has been converged through the disc substrate 
having a tiiickncss which is thicker than the design 
value. In FIG. 18B. the lights emitted frooj the outc- 
most peripheral portion of the objective lens arc con- 
verged to a point O' on the recording layer surface. 
Kowcvcr, the light locating near the optical axis is con- 
verged at the front side. Such a phenomenon is called a 
sphe.rical aberration. Whenever the terin "aberration ' 
is used hereinnfter, it means .';oheric:tl aberrntion. 

When such an aberration occurs, 
the objective lens cannot converge the light beam until 
what is called a ditlraction limit. Tncrcfcrc, in the case 
of using the objective lens whose aberration has been 
corrected for a thin disc substrate, an information signal 
cannot be recorded, reproduced, or erased onto/from 
an optical disc having a thick disc substrate. Similarly, 
in the case of using the objective leas whose aberration 
has been corrected for a thick disc substrate, an infor- 
mation signal cannot be recorded, reproduced, or 
erased onto/from an opticaJ disc having a thin disc 
substrate. 

SUMM^\RY OF THE INVENTION 

In consideration of the above drawbacks, it is an 
object of the invention to provide an opticaJ disc appa- 
ratus which can record, reproduce, or erase information 
signals onto/from a plurality of opticil discs in which 
thicknesses of disc substrates arc duTerent. 

To accomplish the above object, according to the 
Invention, there Ls pro'.'ided an optica! disc apparatus 
for recording, reproducing, or erasing information sig- 
nals onto/from an opticaJ disc by converging light 
flujscs onto a recording layer through a transparent disc 
substrate, comprising: N converging means whose aber- 
radons have been corrected for N (NS2) disc substrates 
having different thicknesses, respectively; disc discrimi- 
nating means for discriminating the thickness of the disc 
substrate of the optical disc which h.is been loaded and 
for generating a discrimination signal according to the 
result of the discrimination; and control means for se- 
lecting one of the converging means in wriich the oc- 
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currcncc of the aberration due to the disc substrate is 
smallest in accordance with the discrimination signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a constructionaJ diagram of an optical disc 
apparatus according to the first embodiment of the 
invention; 

FIG. 2 is a plan view showing an arrangement of a 
main section of the optical disc apparatus in the first 
cmbcxlimcnt; 

FIGS. 3 A and 3B are perspective views of cartridges 
of optical di-^-s in the first embodiment; 

FIGS. ■♦A and 4B arc schematic diagrams showing 
cross sections of the optical discs and states of conver- 
gences by objective lens« in the first embodiment; 

FIG. 5 is a constructional diagram of an optical disc 
apparatus according to the second embodiment of the 
invention; 

FIG. 6 is a detailed constnictional diagram of optical 
heads in the second embodiment; 

FIG. 7 is a constructional diagram of an optical disc 
apparatus according to the third embodiment of the 
invention; 

FIG- 8 is a dclaiied constructional diagram of an 
optical head in the third embodiment; 

FIGS. 9A and 9B are a detailed constructional dia- 
gram of an optical head of an optical disc apparatus 
according to the fourth embodiment of the invention; 

FIG. 10 is a cross sectional view showing optical 
discs whose substrate thicknesses are different and con- 
verging states by convergence grating couplers which 
have been designed in correspondence to the optical 
discs according to the fifth embodiment, respectively; 

FIG. 11 is a schematic perspective view showing a 
construction of an optical head of an optical disc appa- 
ratus in the fifth embodiment; 

FIG. 12 is a schematic perspective view showing a 
construction of an optical head of an optical disc appa- 
ratus according to the sixth emljodiment of the inven- 
tion; 

FIG. 13 is a sche.matic perspective view showing a 
constpjction of an opticai head of an optical disc appa- 
ratus according to the seventh embodiment of the in- 
vcneion; 

FIG. 14 is a block diagram showing a construction of 
the optical disc apparatus in the seveath emtKxiiment; 

FIG. 15 is a block diagram showing a construction of 
an optical disc apparatus according to the eighth em- 
bodiment of the invention; 

FIG. 16 is a schematic enlarged perspective view 
showing a convergence grating coupler of an optical 
head, an SAW transducer, and a portion in which sur- 
face acoustic waves have been formed in the eighth 
embodiment; 

FIG. 17 is a characteristic diagram for explaining the 
principle of the trackLng control in the eighth embodi- 
ment; and 

FIGS. 18.A and ISB are schematic sice elevational 
views showing occurring situations of aberrations due 
to disc substrates having different thicknesses. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Embodiments of the invention will be described herc- 
Lnbeiow on the assumption that thicknesses of disc sub- 
strates are set to two kinds of thicknesses. 

FIG. I is a constrjctional diagram of an optical disc 
apparatus in the first embodiment of the invention. FIG. 



4 

2 is a plan view showing an arrangement of a main 
section of the embodiment FIGS. 3A and 3B are per- 
spective views of cartridges of optical discs in the em- 
bodiment. 

In FIGS. 1 to 3A and 3B, reference numeral 1 de- 
notes a first or second optica] disc. Thicknesses of disc 
substrates of both of the first and second optical discs 
are difiereat. Reference numeral 2 denotes a cartridge 
which encloses the optical disc 1 and protects. The 
cartridge 1 is made of plastics or the liie. Reference 
numeral 3 denotes a first optical head and 5 indicates a 
second optical head. Each of the optical heads is con- 
structed by a converging optical system comprising: an 
objecrivc lens; a semiconductor laser; a photo detector; 
a beam splitter; and the like (ail of the above compo- 
nents are not shown). Each of the optical head detects 
an information signal, a focusing error sigaal, and a 
tracicing error signal which have been recorded on the 
optical disc 1 on the basis of an intensity or an intensity 
distribution of the reflected lights of a laser beam irradi- 
ated onto the optica! disc 1 and generates a photo detec- 
tion signal to the outside. An Infonnation signal is re- 
corded onto or erased from the optical disc 1 by modu- 
lating an Ltttensity of the laser beam. Both of the optical 
heads have bases to hold the above optical devices and 
actuators. A reproduction information signal, a focusing 
error signal, and a tracicing error signal which arc gen- 
erated from the photo detector of the first optical head 

3 are expressed by Si, Fi, and Ti, respectively. Similar 
signals which are generated from the photo detector of 
the second optical disc 5 are also esprssscd by Si, Fz, 
and Ts, respectively. Reference numeral 4 denotes a 
first linear motor which is arranged below the optical 
disc 1 and moves the first optical head 3 in the radial 
direction of the disc in parallel with the disc surface. 
Refere.nce numeral 6 denotes a second linear motor 
which is arranged below the optical disc 1 so as to face 
the first linear motor 4 and moves the second optical 
head 5 in a maimer similar to the first optical head 3. 

As shown in FIG. 2, the second linear motor 6 is 
extended until the further outside of the outermost pe- 
ripheral portion of the opticai disc 1. Tncrefore, when 
the second optical head 5 moves to the outermost side, 
the optical head 5 is projected from the lower surface of 
the optical disc. Reference numeral 7 denotes a discrim- 
iiution hole formed on the surface of the cartridge 2. 

The cartridge in the embodiment will now be de- 
scribed with reference to FIGS. 3A and 3B. The dis- 
crimination hole 7 is closed Ln the case where the optical 
disc 1 enclosed ki the cartridge is the first optical disc 
shown in FIG. 3A and is open in the case where it is the 
second optical disc shown in FIG. 3B. Reference nu- 
meral 23 denotes s slide shuner. Since the optical disc 
apparatus of the embodiment has two opticai beads, r>vo 
slide shutters are provided. When the cartridges are 
removed from the optica! disc apparatus, the slide shut- 
ters arc closed to protect the Latcmai discs from dusts. 

Re.ference numeral 8 denotes a light emitting diode 
(hereinafter, abbreviated to an LED) which is arranged 
so as to be located over the discrimination hole 7 when 
the cartridge 2 has been loaded into the optical disc 
apparatus of the embodiment. Reference numeral 9 
denotes a photo diode arranged at a position so as to 
face the LED 8 through the cartridge 2. The photo 
diode 9 generates a detection signal to a system controi- 
icr 22, which will be e.xplained hereinlater. Reference 
numeral 10 denotes a first selector for selecting either 
one of the fu'st group of photo defection signals (Si, Fi, 
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and T[) of the first optica! head 3 and the second group 
of photo detection signals (Sj, Fj, and T2) of the second 
optical head 5 and for outputting the sekclcd signals. 
Reference numeral 11 denotes a tracking control circuit 
which receives the tracking error signal Ti or Ti from 
among the output signals of the first selector 10 and 
generates a tracking actuator driving signal to a second 
selector 12, which will be c;tpiaincd hcreinlatcr. Fur- 
ther, reference numeral 12 denotes the second selector 
to select either in actuator of the first optical head 3 or 
am actxialor of the second optical head 5 as a destination 
to which the tracking actuator driving signal is sup- 
plied. Reference nutncraj 13 denotes a focusing control 
circuit which receives the focusing error signal Fi or 
F2 from among the signals which arc generated from 
the first sciector 10 and generates a focusing actuator 
driving signal to a third selector 14, which will be ex- 
plained herciniatcr. Further, reference numeral 14 de- 
notes the third selector for selecting either the actuator 
of the first optical head 3 or the actuator of the second 
optical head 5 as a destination to which the fcx:using 
actuator driving signal is supplied. Reference numeral 
15 denotes a linear motor control circuit which supplies 
a driving signal to a fourth selector 16, which will be 
explained hcreirjater, by a control sigr.al which is sup- 
plied from the systc-n controller 22, which will be de- 
scribed hereiniater. Reference numeral 16 denotes the 
fourth selector to scicct cither the first linear motor 4 or 
the second linear motor 6 as an output destination of the 
driving signal supplied from the linear motor control 
circuit 15. Reference numeral 17 denotes a spindle con- 
trol circuit which receives the reproduction informa- 
tion signs! S| or S: and generates a controi current to a 
spindle motor 18, which will be explained hercinlater. 
Reference numeral 18 denotes the spindle motor to 
rotate the optical disc I. Reference numeral 19 denotes 
a signal processing circuit for executing signal processes 
such as denDoduiation and/or decoding or the like to the 
input signal S/or S:, for converting into an audio signal 
or the like, or for outputting the information signal to be 
recorded onto the optical disc 1 to an LD driving cir- 
cuit 20, whicli w;ii be explained Sicreinlatcr. Refercncs 
numeral 20 denotes the LD dnving circuit to supply a 
driving current for allowing laser beams to be emitted 
from the semiconductor lasers of both of the optical 
heads to a fifth selector 21, which will be explained 
hercinlater. Reference numeral 21 denotes the fifth se- 
lector to switch the output destination of the above 
driving current to either one of the first and second 
optical heads 3 and 5 in accordance with a controi sig- 
nal from the system controller 22, which wU! be ex- 
plained hereinlater. The system controller 22 generates 
the driving current for allowing the LED 8 to emit the 
light and receives the detection signal from the photo 
diode 9 and generates control signals to the fu-st to fifth 
selectors 10. 12, 14. 16, and 21. Tne system controller 22 
also generates control signals to the linear motor con- 
trol circuit 15 and the signal processing circuit 19. In 
FIG. 1, switching icrninais in the first to fifth selectors 
10, 12, 14, 16 and 21 on the first head side are designated 
by "A" and those on the second head side arc desig- 
nated by "B" in the diagram. 

The first optical disc is a CD or an optical disc having 
a recording density similar to that of the CD and a 
ihicicness of the disc substrate is set to di as shown in 
FIG. 4A. For instance, assuming that the optical disc 
shown in FIG. 4A is a CD, di = 1.2 mm. The second 
optica] disc is an optical disc which can execute a re- 
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cording at a higher density than that of the first optical 
disc and a thickness of the disc substrate assiuncs d2 as 
shown in FIG. 4B. To reduce the aberration of the 
converged spot due to a tiit error, the ihicluicss djof the 
second optica] disc is designed so as to be smaller than 
di. For example, di=:0.3 mm. 

The first optical head 3 has, for instance, a semicon- 
ductor laser of a wavelength of 780 nm and an objective 
lens of an NA of 0.45, so that the laser beam can be 
converged to a spot diameter cf) of about 2.1 pirn. In 
addition, an optical design of the objective lens has been 
made so as to correct the aberration by the disc sub- 
strate of the thickness d\. The second optical head 5 has, 
for Lnstincc, the same seniiconductor laser as Lhiit of the 
first optical head and an objective lens of an NA of 0.3, 
so that the laser beam can be converged until a spot 
diameter of 1.2 ;xm. Moreover, an optical design of the 
objective lens has been made so as to correct the aberra- 
tion by the disc substrate of the thickness d:. 

In Fig-';. 4A and 4B. respeciive foca! disinnce.s 
FD and working dislnnce.s WD are .si'iown. 

The operation of the optical disc apparatus of the 
embodiment constructed as mentioned above will now 
be described hcrcinbclow. 

First, the case where the cartridge 2 enclosing the 
second optical disc has been loaded into the optical disc 
apparatus of the embodiment will be described. When 
the cartridge 2 is loaded, the LED 8 emits the light and 
the photo diode 9 detects the presence or absence of a 
transmission light which passes through the discrimina- 
tion hole 7. As already described in conjunction *ith 
FIGS. 3A and 3B, since the discrimination hoie 7 :s 
open in the case of the "iccond optical disc, the photo 
diode 9 detects the tran.';missior! iigiu and generates a 
detection signal to the controller 22. The controller 22 
dctermjces that the disc in the loaded cartridge 2 is the 
second optical di.sc, so that the controller 22 supplies 
control signals to the first to fifth selectors 10, 12. 14, 16, 
and 21 so as to select the terminals B en the second 
optical head side. Thus, the semiconductor laser of the 
second optical head 5 is selected as an output destina- 
tion of the driving current which is supplied from the 
LD driving circuit 20. The photo detector of the second 
optical head 5 is selected as an input destination of the 
tracking control circuit 11, focusing control circuit 13, 
spindle control circuit 17, and signal procMsing circuit 
19. The actuator of the second optical head 5 is selected 
as an output destination of the actuator driving signals 
of the tracking control circuit 11 and focusing control 
circuit 13. The second linear motor 6 is selected as an 
output destination of tiic driving current of the linear 
motor control circuit 15. 

Therefore, the second optical head 5 Lrradifltcs the 
laser beam and converges onto an infcnriation track on 
tie optica] disc I v-athout an aberration. Slmuiu- 
neously, the second optical head 5 delects the rellectid 
lights from the disc ind generates the infonnation sigoal 
S2, focusing error signal F^, and tracking error sig.-".ai 
Ti. Those signals arc supplied through the first seicc'.cr 
10 to the respective circuits. That is, the signal S: is 
supplied to the spindle control circuit 17 and signal 
proccssmg circuit 19. The signal F2 is supplied to the 
focusing control circuit 13. The signal Ti is supplied to 
the tracking control circuit 11. The tracking cociroi 
circuit 11 produces the tracking actuator driving signal 
in accordance with the signal Ti and supplies to the 
actuator of the second optica! head 5 through the sec- 
ond selector 12, thereby eliminating the tracking error. 
In a manner similar to the above, the focusing conL-c! 
circuit 13 also produces the focusing actuator driving 
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signal in accordance with the signa] F2 and supplies to 
the actuator of the second optical head 5 through the 
third selector 14, tfacrefay clLminating the focusing error. 
The linear motor control circuit 15 generates the driv- 
ing current to the linear motor 6 in response to the 
control signaJ from the system controller 22, thereby 
moving the second optical head 5 in the inner or outer 
rim direction of the optical disc 1. The spindle control 
circuit 17 extracts a clock component from the informa- 
tion signal Siand controls the spindle motor 18, thereby 
rotating the optical disc 1 at a constant linear velocity 
(CLV) or a constant angular velocity (CAV) or the liie. 
The signaJ processing circuit 19 executes signal pro- 
cesses such as demodulation, decoding, and the like to 
the information signal Si in the reproducing mode and 
generates to the outside as audio or video signals or the 
liie. On the other hand, the signaJ processing circuit 19 
executes signal processes such as encoding, modulation, 
and the like to the audio or video signals or the like 
which have been supplied from the outside in the re- 
cording mode and generates to the LD driving circuit 
20 as a recording signal. Until the cartndge 2 is loaded, 
the second optical head 5 records or reproduces the 
information signal onto/from the second optical disc 1. 

On the other hand, in the case where the cartridge 2 
enclosing the first optical disc has been loaded into the 
optical disc apparatus of the embodiment, since the 
discrimination hole 7 is closed, the photo diode 9 do- 
esn't detect the transmission light. Therefore, the sys- 
tem controller 22 determines that the disc in the car- 
tridge 2 is the foregoing first optical disc. Thus, the 
controller 22 generates control signals to the first to 
fifth selectors 10, 12, 14, 16, and 21 so as to select the 
tciminais A on the first optical head side. Therefore, the 
semiconductor laser of the first optical head 3 is selected 
as an output destination of the driving current which is 
supplied from the LD driving circuit 20. Tnc photo 
detector of the first optical head 3 is selected as an input 
destination of the tracking control circuit 11, focusing 
control circuit 13, spindle control circuit 17, and signal 
processing circuit 19. Tne actuatcr of the fu^t optical 
head 3 is selected as an output destination of the acrua- 
tor driving signals of the tracking control circuit 11 and 
focusing control cL'cuit 13. Tne first linear motor 4 is 
selected as an output desrination of the driving current 
of the linear motor control circuit 17. Tnerefore, the 
first optical head 3 irradiates the laser beam and con- 
verges onto the information track on the optical disc 1 
without an aberration. Simultaneously, the reflected 
h'ghts from the disc are detected and generated as the 
information signal S|, focusing error signal Fi, and 
tracking error signal Ti. The above signals arc supplied 
through the first selectors IQ to the respective circuits 
That is, the signa] Si is supplied tc the spinels control 
circuit 17 and signal processing cu-cuit 19. T^e signal 
Fl is supplied to the focusing control circuit 13. The 
signal Ti is supplied to the tracki-.g error detectmg 
circuit 11- The subsequent operations are similar to 
those in the case of ihc second optical disc mentioned 
above. 

In the case where the objective lens of the second 
optical head is a lens of a high N A ar.d a short operating 
distance, it is necessary to set an intsrv-ai between the 
second optical head 5 and the surface of the optical disc 
1 to be fairly na-Tower than that Ln the cose of the first 
optical head 5. Tnerefore, while the first optical disc is 
loaded, the controller 22 controls the second linear 
motor 6, thereby moving the second optica] head 5 to 
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the outside of the disc surface as shown in FIG. 2. Due 
to this, it is possible to prevent that the objective lens of 
the second optical head 5 collides with the opticaJ disc 
1 due to a surface oscillation. 

As described above, according to the embodiment, 
by providing the first optical head 3 and second opticaJ 
head 5 having convergence optical systems correspond- 
ing to the thicknesses of the disc substrate of the first 
and second optical discs, the signal can be preferably 
recorded, reproduced, or erased by the optical head 
suitable for the thicicncss of each disc substrate. More- 
over, by providing the discrimiiiadon hole 7 farmed on 
the cartridge 2 and the disc discriminflting means com- 
prising the LED 8 to detect the op^ning/'closurc of the 
discrimination hole 7 and the photo diode 9, mereiy by 
loading the cartridge 2, each of the optical heads can be 
automatically accurately selected. 

FIG. 5 shows a constructiOusJ diagram of an optical 
disc apparatus according to the second embodiment of 
the invention. In the diagram, the second embodiment 
differs from the foregoiag first embodiment with re- 
spect to a point that a third optical head 30 is arranged 
in place of the fct and second optical heads 3 and 5 and 
a point thai the second, 'Jiird, and founh selectors 12, 
14, and 16 are omitted. That is, the tracking actuator 
driving current which is generated from the tracking 
control circuit 11 and the focusing actuator driving 
current which is generated from the focusing control 
circuit 13 are directly supplied to the third optical head 
30. The driving current which is gincrated from the 
linear motor control circuit 15 is directly supplied to the 
first linear motor 4. 

Further, HQ. 6 shows a detailed constractional dia- 
gram of the third optical head 30 in the second embodi- 
ment of the tnvcntton. In the diagram, reference nu- 
meral 1 denotes the first or second optica! disc; 32 a first 
semiconductor laser as a light source; 33 a tlrst coUimat- 
ing lens for converting a laser beam from the first semi- 
conductor laser 32 into a parallel beam; 34 first beam 
splitter to divide the beam into two beams; 35 a first 
mirror to change the direction of the beam; 36 a first 
objective lens to converge the beam onto the optical 
disc 1; 37 a first detecting iens to converge the reflected 
lights which have been divided by the beam splitter 34; 
and 38 a first photo detector to obtain an information 
reproduction signal, a focusiag error signal, and a track- 
ing error signal from the converged retlectcd lights. 
The above components 32 to 3S constract a first con- 
verging opticaJ system 31. 

Reference numeral 39 denotes a lens holder to hold 
the first objective lens 36 and a second objective lens 46, 
which will be explained hcreinlater. Refsrencc numeral 
40 denotes an ictuator to suppcn the leas holder 39. 
The driving currents arc supplied from the tracking 
control circuit 11 and focusLng control circuit 13 to the 
actuator 40. 

Reference numeral 42 denotes a second semiconduc- 
tor laser as a light source; 43 a second coUimating lens 
to conven a laser beam from the second semiconductor 
laser 42 into a parallel beam; 44 a second beam splitter 
to divide the beam into two beams; 45 a second mirror 
to change the direction of the beam; 46 the second 
objective lens to converge the beam onto the optical 
disc 1; 47 a second detecting lens to converge the re- 
flected lights which have been divided by the second 
beam splitter 44; and 4S a second photo detector to 
obtain the information reproduction signal, focusing 
error signal, and tracking error signal from the con- 
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.verged reflected lights. The above components 42 to 48 
construct a second converging optica] system 41. The 
above first converging optica! system 31, the second 
converging optical system 41, and the actuator 40 are 
mounted on a same base member (not shown) and con- 
struct the third optical head 30. The base member is 
ordinariiy made of aiuminum or the like and is attached 
to the first linear motor 4. 

In a manner similar to the case which has been de- 
scribed in the first embodiment of the invention, for 
iiistancc, the first objective lens 36 is designed so that 
NA=0.43 and the aberration by the disc substrate of a 
thickness di is corrected. The second objective lens 46 is 
designed so that, for instance, NA=0.8 and the aberra- 
tion by the disc substrate of a thickness dj is corrected. 

The operation of the optical disc apparatus of the 
embodiment constructed as mc.^tio^ed above will now 
be described hereinbciow. First, the case of the second 
opticaJ disc wii! be explained. When the cartridge 2 is 
loaded into the optical disc apparatus of the embodi- 
ment, the LED 8 emits the light and the photo diode 9 
detects the presence or absence of the transmission light 
which passes through the discrimination hole 7. If the 
transmission light has been detected, the system con- 
troller 22 determines that the disc in the loaded car- 
tridge 2 is the second optical disc, so that the controller 
22 selects the second converging optical system 41 of 
the third optical head 30. Tnat is, the system ccntroilcr 
22 generates control signals to the first and fifth selec- 
tors 10 and 21 so as to make the second semiconductor 
laser 42 and the second photo detector 4S operative. 
The laser beam emitted from the second semiconductor 
laser 42 is converted into the parallel beam by the sec- 
ond coOimating lens 43. Tne parallel beam is converged 
onto the second optica] disc 1 by the second objective 
lens 46 through the second beam spiiticr 44 and the 
second mirror 45. The laser b«am reflected by the disc 
is again convened into the parallel beam by the second 
objective lens 44 and is separated from the optical axis 
by the second beam splitter 44 through the second mir- 
ror 45 and is converged onto the second photo detector 
48 by the second detecting lens 47. 

The second photo detector 4? produces the informa- 
tion signal, focusing error signal, and trackmg error 
signal from the converged renected light from the disc 
and supplies to the first selector 10. The actuator 40 
fmely moves the lens holder 39 in the tracking and 
focusing directions by the driving currents from the 
tracking control circuit 11 and the focusing control 
circuit 13, thereby accurately converging the laser 
b«am onto an mformation track on the opucai disc 1. 

Since the operations of the fu-st linear motor 4, first 
selector 10, tracking control circuit 11, focusbg control 
circuit 13, linear motor control circuit 15, spindle con- 
trol circuit 17, spindle motor 18, signal processing cir- 
cuit 19, LD driving cu-cuit 20, fifth selector 21. and 
system controller 22 are substantially the same as the 
optical disc apparattis of the first embodiment men- 
tioned above, their descriptions are omitted here. 

On the other hand, in the case of the first optical disc, 
since the photo diode 9 doesn't detect the transnission 
light, the system controller 22 decides that the disc in 
the loaded cartridge 2 is the first optical disc mentioned 
above, so that the controller 22 selects the first converg- 
ing optical system 31 of the third optical head 30. Tnat 
is, the system controller 22 generates control signals to 
the fu-st and fifth sciccicrs 10 and 21 so as to make the 
first semiconductor laser 32 and the first photo detector 
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38 operative. Tne operation of the first converging 
optical system 31 is substantially the same as that of the 
second converging opticaJ system 41 mentioned above. 
Until the cartridge 2 is onJoaded, the recording, repro- 
duction, or erasure of the information signal onto/from 
the fii3t optical disc is c;5ecutcd by the first converging 
optical system 31. 

As described above, according to the second embodi- 
ment, b addition to the effect by the first embodiment, 
since the first converging optical system 31 and the 
second converging optical system ^1 are mounted on 
the same base and constnjct the third optical head 30, 
the linear motor can be coinmonJy used as a single pan 
and the nimibcr of parts can be reduced. 

FIG. 7 shows a constructional diagram of an optical 
disc apparatus according to the third embodiment of the 
invention. In the diagram, the third cmbcxlimcnt differs 
from the second embodiment with respect to a point 
that a fourth optical head 50 is aLrramged in place of the 
third optical head 30 and a point that the first selector 10 
and the fifth selector 21 arc omitted. That is, the photo 
detection signal which is generated from the founh 
optical head 50 is directly supplied to the tracking con- 
trol circuit 11, focusing control circuit 13, spindle con- 
trol circuit 17, and signal processing circuit 19. The 
driving current which is generated from the LD driving 
circuit 20 is directly suDoiicd to the founh opticaJ head 
50. 

Further, FIG. 8 shows a detailed constructional dia- 
gram of the fourth opticaJ head 50 in the third embodi- 
ment of the invention. In the diagram, reference nu- 
meral 1 denotes the first or second optica] disc; 32 the 
first semiconductor laser as a light source; 33 the first 
collimating iens to convert the laser beam from the first 
semiconductor laser 32 into the paraiisi beam; 34 the 
first beam splitter to divide the laser beam into two 
beams; and 35 the first mirror to change the direction of 
the beam. Tne fit^t objective lens 36 and the second 
objective lens 46 are the same as those mentioned in the 
second embodiment of the invention. The first objective 
lens 3^ is arranged between the first mirror 35 and the 
optical disc 1. The second ofajecnve iens 46 Is arranged 
between the first beam splitter 34 and the opdcaj disc 1. 
Moreover, as mentioned in the foregoing embodiment, 
the aberration of the first objective lens 36 has been 
corrected in correspondence to the first opticaJ disc 
having the disc substrate of the thickness di. The aber- 
ration of the second objective lens 46 has been cor- 
rected Lq correspondence to the second optical disc 
having the disc substrate of the thickness di. Reference 
numeral 51 denotes a first shutter arranged ber^'een the 
first objective lens 36 and the first mirror 35 and on the 
opticaJ path which passes through the first objective 
lens 36. Reference numeraj 52 denotes a second shutter 
which is arranged between the second objecuv e lens 46 
and the first bcim sciittcr 34 ajid on the optical path 
which passes through the second objective Ic^s 46. The 
first and second shutters 51 and 52 open or close the 
opticaJ paths by control signals from the system con- 
trollers 22, respectively. Reference numeral 37 denotes 
the first dctecdng lens to converge the reflected lights 
which have been divided by the beam splitter 34. Reter- 
ence numeral 38 denotes the first photo detector to 
obtain the infcrmaticn reproduction signal, focusing 
error signal, and tracking error sigr.al from the con- 
verged reflected light. 

Among the foregoing component elements, the first 
objective lens 36 consirJcLs the first converging optica! 
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system mentioned in the second eaibodiment of the 
invention together with the first semiconductor laser 
32, the firs: collimatLng lens 33, the first beam splitter 34, 
and the first mirror 35. The second objective lens +6 
constructs the second converging optical system to- 
gether with the first semiconductor laser 32, the first 
collimating lens 33, the first beam splitter 34, and the 
first tnirror 35 which are commonly used for the first 
converging optical system. The first converging optical 
system is mountsyi onto a comaon base (not shown) 
together with the first md second shutters 5 and 52, 
thereby constructing the founh optical head 50. Since 
the lens holder 39 and the actuator 40 have the same 
construction as those in the third optical head 30 in the 
second embodiment, their descriptions are omitted here. 
The fourth optica] head SO is attached to the first linear 
motor 4. 

The operation of the optical disc apparatus in the 
embodiment with the above coastrucaon will now be 
described hereinbeiow. The kind of optical disc is de- 
tected in a manner similar to the above. When the sys- 
tem controller 22 determines that the disc in the loaded 
cartridge 2 is the second optical disc, the controller 22 
generates controi signals to the first and second shutters 
51 and 52 of the .fourth optical head 50. When the con- 
trol signals are supplied, the first shuner SI is closed and 
the second shutter 52 is open. In the above state, the 
laser beam cntitica from the first semiconductor laser 32 
is converted into the parallel beam by the first collimat- 
ing lens 33 and is divided into the transmission light and 
the retlected Ugh: by the first beam splitter 34. The 
transmission light is shut out by the first shutter 51 via 
the first mirror 35. Consequently, only the reflected 
light passes through the second shutter 52 and is con- 
verged onto the optical disc 1 by the second objective 
lens 46. Tne light reflected by the optical disc 1 is again 
converted into the parallel light by the second objecnve 
lens 46 and passes through the second shutter 52 and is 
reflected and separated by the first beam splitter 34 and 
is converged onto the first photo detector 38 by the first 
detecting lens 37. Tne first photo detector 38 generates 
the focusing error signal and trackL-.g error signal from 
the converged reflected light of the disc ajid reproduces 
the information signai on the disc. The above operations 
are executed until :he cartridge 2 is unloaded. 

Since the operations of the first linear motor 4, track- 
ing control circuit 11, focusing controi circuit 13, linear 
motor control circuit 15, spindle control circuit 17, 
spindle motor 18, signal processing circtiit 19, LD driv- 
ing circuit 20, and system controller 22 are the same as 
those in the optical disc apparatus of the foregoing first 
embodiment, their descriptions are omJtted here. 

On the other r^ajid, if the system controller 22 deter- 
mines that the disc in the loaded car.ridgs 2 is the first 
optical disc, the tlrst shutter 51 is opened and the second 
■shutter 52 is closed. In the above naie, in the transmis- 
sion light and the reflected light by Lhe first beam split- 
ter 34, the reflected light is shut out by the sccoad shut- 
ter 52 and only the transmission light passes through the 
first shutter 51 and is converged onto the opdcal disc 1 
by the first objective lens 36. Tne other operations are 
e.\ccuted in a manner similar to these in the case of the 
second optical disc. 

As mentioned above, according to the third embodi- 
ment, in addition to the effects by the second embodi- 
ment, since the first and second shutters 51 and 52 are 
provided as light flu.T selecting means, the semiconduc- 
tor laser, collimating lens, beam splitter, detecting lens, 
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and photo detector in each of the converging optical 
system can be commonjy used and the size and weight 
of the optical head can be reduced. Therefore, assuming 
that a driving force of the linear motor b the same, the 
improvement of the performance such as reduction of 
the seeking time and the like can be realized. 

FIGS. 9A and 9B show a detailed constructional 
diagram of an opticaj head of an optical disc apparatus 
in the fourth embodiment of the invention. In FIG. 9 A, 
since the optical disc I, first semiconductor laser 32, 
first coilimating lens 33, first beam splitter 34, second 
objective lens 46, first detecting lens 37, and first photo 
detector ZS axe constnicted in a maimer similar to those 
in the foregoing fourth opdcaJ head 50, their descrip- 
tions are omitted here. Reference numeral 56 denotes a 
lens holder to hold the second objective lens 46; 57 an 
actuator to which the leas holder 56 is anachcd; 54 a 
wave front correcting lens attached to s slider 55, 
which wiU be explained hcreinlater, so that the optical 
axis is in parallel with the optical axis of the second 
objective lens 46; and 55 the slider which supports the 
wave front correcting lens 54 and is arranged so as to 
transverse in the plane which is perpendicular to the 
light flux between the fint beam splitter 34 and the 
second objective iens 46, thereby enabling the wave 
front correcting lens 54 to be moved in such a plane. 
Moreover, such a movable range is set to a position 
(shown by P; in the diagram) where the wave front 
correcting lens 54 is perfectly deviated out of the light 
flux or a position (shown by Pz in the diagram) where 
the optical axis of the slider 55 coincides with the opti- 
cal axis of the second objective lens 46. The above-men- 
tioned component elements are attached to a base (not 
shown) and construct a fifth optical head 53. 

FIG. 9B is a plan view when the wave front correct- 
ing lens 54 and the slider 55 are seen from the direction 
of the optical axis. In the dia grain, the lens 54 is movable 
in the directions shown by arrows. The wave front 
correcting leas 54 has been designed in a manner such 
that a synthetic optical system with the second objec- 
tive lens 46 is identical to the foregoing first objective 
lens. That is, the lens 54 has been designed so as to 
correct the aberration by the disc substrate of the first 
optical disc. In the fifth optical head 53, the second 
objective leas 46 constructs the second converging 
optical system mentioned in the second embodiment of 
the invention together wath the first semiconductor 
laser 32, first coilimating lens 33, and first beam splitter 
34 and caji be also regarded such that they construe: the 
first converging optical system by adding the wave 
front correcting lens 54 to the second converging opti- 
cal system. 

Since a whole construcrion of the optical disc appara- 
tus in the founh embodiment is substantially the same as 
that of the optical disc apparatus of the third embodi- 
ment shown in FIG. 7 mentioned above, its description 
is omitted here. 

Tlic operation of the optica! disc apparatus in the 
fourth embodiment with the above constniction will 
now be described hercinbciow with respect to only the 
fifth optical head 53. The kind of opticaJ disc is detected 
in a manner similar to the above. If the system control- 
ler 22 determines that the disc in the loaded canridge 2 
is the second optica] disc, the controller 22 generates a 
control sign^ to the slider 55. When the control signal 
is supplied, the slider 55 moves the wave front correct- 
ing lens 54 to the position P]. The laser beam emitted 
from the first semiconductor laser 32 is converted into 
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the parallel lighl by the first coUimating lens 33 and is 
reflected by the first beam splitter 34 ind is converged 
onto the optical disc 1 by the second objective lens +6. 
The light reflected by the optical disc I is again con- 
verted into the parallel light by the second objective 
lens 46. The paraJlel light passes through the first beam 
splitter 34 and is converged onto the first photo detec- 
tor 38 by the first detecting lens 37. The first photo 
detector 38 generates a photo detection signal in a man- 
ner similar to the above. The above operations arc e:ce- 
cuted ontii the optical disc 1 is unloaded. 

On the other hand, if the system controller 22 decides 
that the disc in the loaded cartridge 2 is the first optical 
disc, the slider 55 moves the wave front correcting lens 
54 to the position P2. Tnas, the Laser beam emitted from 
the first semiconductor laser 32 passes through the 
wave front correcting le.TS 54 and the second objective 
leas 46 and is converged onto an iafonnation track on 
the optical disc 1 without an aberration. Thus, the oper- 
ations similar to those in the case of the second optical 
disc arc executed. 

As mentioned above, according to the embodiment, 
in addition to the effects by the second embodiment, 
since the wave front correcting lens 54 serving as an 
aberration correcting means is held by the slider 55 and 
is movabiy arranged, the objective lens can be com- 
monly used and a total mass which must be moved by 
the actuator 57 can be reduced. Thus, a burden to the 
driving force of the actuator can be reduced and a low 
electric power consumption can be acccmplished. 

The optical head 50 m the fourth embodiment has the 
second objective lens 46 corresponding to the optical 
disc having the disc substrate of the thickness da and, 
further, corrects the aberration to the optical disc hav- 
ing the disc substrate of the thickness di by the wave 
front correcting lens 54. However, an opposite con- 
struction can be also used. Na-mely, the above effect is 
also derived by a construction such that the first objec- 
tive lens 36 corresponding to the optical disc of the disc 
substrate of the thickness d\ is used in place of the sec- 
ond objective lens 46 and a wave front ocrrecting lens 
which has been designed so as to correct the aberration 
due to the disc substrate of the thickness di is provided. 

Although the above three embodiments have been 
described with respect to the case where thei-e Eire two 
Sends of thicknesses of the disc substrates, the invention, 
can be also applied to the case of three or more kinds of 
thicknesses of the disc substrates, in such a case, the 
number of optica] elements such as objective lenses and 
the like is increased in accordance with the number of 
kinds of thicknesses of the disc substrates. With respect 
to the discriminating means of t.hc opricai disc, three or 
more kinds of opticaJ discs can be discrimL-.ated by, for 
instance, checkmg a plurality of discrimi.ianon holes 
which are formed in the cartridge. For example, by 
forming n discriminating holes, 2' kinds of optical discs 
can be discriminated. 

Fur.hcr, although the discrijnination hole 7 formed 
on the cartridge 2. the LED S, and the photo diode 9 
have been used as disc discriminatLng means, paints of 
different reflectances can be aiso coated onto the sur- 
face of the cartridge 2 in place of the discrimination 
hole or a mechanical switch or the like can be also used 
in place of the LED and the photo diode. 

Further, a difference between thicknesses of the disc 
substrates can be also directly discriminated by a rc- 
fiectcd laser beam from the discs without using the 
cartridge. For example, in the case of the converging 
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optical system corresponding to the thin disc substrate, 
a tracking error signal cannot be ordinarily obtained 
from an optical disc of a thicic disc substrate due to a 
spherical aberration of the converging beam. Conse- 
quently, two optical discs having difTcrent thicknesses 
can be discriminated by checking the presence or ab- 
sence of the tracking error signal. In such a case, there 
is an exciilcnt effect such that the apparatus is simplillcd 
because there is no need to use the detecting means such 
as LED and photo diode and the like 

The optical head in each of the above-described opti- 
cal disc apparatuses has been constructed by a conven- 
tional optical system using the objective leas made of a 
quartz glass or the like. Ajj optical head in each of opti- 
cal disc apparatuses of embodiments, which will be 
explained hereinJater, differs from the above optical 
head and is constructed by forming an optical system 
onto a thin film waveguide. 

FIG. 10 is a block diagram showing a construction of 
an optical disc apparatus according to the fifth embodi- 
ment of the invention. Further, FIG. 11 is a schematic 
perspective view showing a construction of an optical 
head of the optical disc apparatus in the fifth embodi- 
ment of the invention. Since a construction shown in 
FIG. 10 is substantiaily the same as that of the optica! 
disc apparatus m the second embodiment of the inven- 
tion shown in FIG. 5 ssccpi that a suth opticai head 60 
is used, its description is omitted here. The sixth opticai 
head 60 shown in FIG. 11 will now be described ia 
detail hcreinbelow. 

In FIG. 11, reference numeral 1 denotes the same 
optical disc as that described in the foregoing embodi- 
ments. Reference numeral 200 denotes an information 
track formed on the optical disc 1. Reference numeral 

61 denotes a substrate formed by LiNbOj or the like. 
The substrate ^1 is attached to a head base through a 
focusing actuator and a tracking acruator and con- 
structs the sixth optical head 60 together with them. 
Since the focusing actuator, tracking actuator, and head 
base which have conventionally been well known can 
be used as those components, their detailed description 
and the drav^ngs are omin.ed here. Reference auiacral 

62 denotes an optical waveguide formed on the sub- 
strate 51 by Ti diffusion or the like; 63 a fust semicon- 
ductor laser coupled to an edge surface of the optical 
waveguide 62; and 64 a first waveguide lens arranged 
on an optical path of the waveguide light which has 
been emitted from the first semiconductor laser 63 and 
entered the optical waveguide 61. For icstance, a Fres- 
nel lens formed by an electron beam lithography can be 
us«i as a lens 64. Reference numeral 65 dei:otes a first 
converging grating coupler formed on the optical path 
of the paraiiei waveguide light. The coupler 65 emits 
the waveguide light to a position out of the optical 
waveguide 62 and converges onto the optical disc 1. 
The first converging grating coupler 65 is a grating 
having a ciiirp (krcgtilar period) by a curve fontied on 
the waveguide by electron beam direct drav-ing or the 
Ukc. Rct'erence numeral 66 denotes a first beam splitter 
which is arranged between the fu-st waveguide lens 64 
and the first converging grating coupler 65 and sepa- 
rates the waveguide light which has been returned into 
the optical waveguide 62 through the first converging 
grating coupler 65 after it had been re.Hected by the 
opticai disc 1, Reference numeral 67 dcr.ctes a ftrst 
waveguide converging lens which is arranged on the 
optical path of the return waveguide light which has 
been separated by the first beam splitter 66 and con- 



15 

verges the return light. Reference numeraJ 63 denotes a 
first photo detector which is coupled to the side surface 
of the optical waveguide 62 and detects the return 
waveguide light which has been converged by the first 
waveguide converging lens 67. 

SLmilady, reference nutncraJ 69 denotes a second 
semiconductor laser coupied to the edge surface of the 
optical waveguide 62; 70 a second waveguide lens ar- 
ranged on the optical path of the waveguide light which 
has been emitted from the second semiconductor laser 

69 and entered the optical waveguide 61; and 71 a sec- 
ond converging grating coupler formed on the optical 
path of the parallel waveguide light. The coupler 71 
emits the waveguide light to a position out of the optical 
waveguide 62 and converges onto the optical disc 1. 
Reference numeral 72 denotes a second beam splitter 
which is arranged between the second waveguide lens 

70 and the second converging grating coupler 71 and 
separates the waveguide light which has been returned 
into the optical waveguide 62 through the second con- 
verging grating coupler 71 after it had been reflected by 
the optical disc 1. Reference numeral 73 denotes a sec- 
ond waveguide converging lens which is arranged on 
the optical path of the return waveguide light which has 
been separated by the second beam splitter 72 and con- 
verges the return waveguide light. Reference numeral 
74 denotes a second photo detector which is coupied to 
the side surface of the optical waveguide 62 and detects 
the return waveguide light converged by the second 
waveguide converging lens 73. 

A curve chirp grating of the first converging grating 
coupler 65 has been designed in a manner such that, for 
instance, NA=0.45 and the emission light can be con- 
verged until a diffraction ILcdt and the aberration due to 
the disc substrate of the thickasss d; can be corrected. 
The second converging grating coupler 71 has been 
designed in a manner such that, for e.xample, NA =0.S 
and the aberration due to the disc substrate of the thick- 
ness d2 can be corrected. 

The first and second beam splittetj, 66 and 72 are 
attached at positions which are deviated so that the 
reflected light of each beam splitter does not enter the 
other beam splitter as a stray light. 

Such an optica! waveguide and a waveguide type 
device have been descnb-ed in detail in, for e.iample. 
Nishihara, Haruna, and Saihara, "Optical Integrated 
Circuit", Ohm Co., Ltd., 19S5, or the like. In the Inven- 
tion, both of the above well-known optical waveguide 
and waveguide type device can be used in the optical 
waveguide 62 or the like. 

The operation of the opdcaJ head in the fil'th embodi- 
ment with the above construction will now be described 
hcreinbelow. 

If the optical disc 1 is the first optical disc, the driving 
current is supplied to the firs; semiconductor laser 63. 
Then, the laser 63 emits a laser beam from one edge 
surface of the optica! waveguide 62. Tae laser beam 
propagates as a wavcg^jidc light. Tne waveguide light is 
converted into the parallel light by the first waveguide 
lens 64. Tee parallel light u-ansmits the first beam split- 
ter 66 and subsequently enters the first converging grat- 
ing coupler 65. Tne coupler 65 e.xtracts the parallel light 
out of the optical waveguide 62 and converges onto the 
information track 200 on the first optical disc 1. The 
reflected light from the disc sunace again enters the 
optical waveguide 62 through the first converging grat- 
ing coupler 65 and propagates as a return waveguide 
light in the opposite direction. Further, the return 
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waveguide light is reflected in the direction of the first 
waveguide converging lens 67 in the first beam splitter 
66. The lens 67 converges the return waveguide light 
onto the first photo detector 68. The first photo detec- 
tor 68 detects the inforraatioT] signal and the servo sig- 
nals such as focusing error signal, tracking error signal, 
and the like wiiich have been recorded on the first opti- 
cal disc 1 on the basis of an intensity and an intensity 
distribution of the return waveguide light and generates 
to the outside. By modulating the driving current which 
b supplied to the rirst scmconductor laser 63, the sixth 
optical head -60 emits the mteasity modulated laser 
beam, thereby recording or erasing the information 
signal onto/from the first optical disc 1. 

On the other hand, if the optical disc 1 is the second 
optical disc, the operations similar to those in the case of 
the foregoing first optical disc arc executed by the sec- 
ond seaiconductor laser 69, second waveguide lens 70, 
second converging grating coupler 71, second beam 
splitter 72, second waveguide converging lens 73, and 
second photo detector 74. 

The substrate 61 is supported from the head base by a 
focusing actuator and a tracking actuator. Tne position 
of the substrate 61 itself is controlled by the foregoing 
ser/o signals so that the laser beam is accurately hradi- 
ated onto the information track 200 on the disc. 

According to the fifth embodiment as mentioned 
above, by providing the first converging grating cou- 
pler 65 which is formed on the optical waveguide 62 
and corresponds to the thickness of the disc substrate of 
the ilrst optical disc and the second converging grating 
coupler 71 which is formed on the optical waveguide 62 
and corresponds to the thickness of the disc substrate of 
the second optical disc, a desired one of the couplers 65 
and 71 can be independently used in accordance with 
the kind of disc, so that the aberration of the converged 
spot can be corrected in accordance with the thickness 
of the disc substrate and the signal can be pre.'crafaiy 
recorded, reproduced, or erased. Moreover, since the 
Optical wavcgtiide device having the converging grat- 
ing couplers is used, the size and weight of the optical 
head can be reduced. 

Although the thickness of the disc substrate has been 
set into two kinds of thicknesses in the fifth embodi- 
ment, the invention can be also applied to three or more 
kinds of thicknesses of disc substrates. In such a case, 
the number of component elements on the substrate 61 
is increased in accordance with the number of thick- 
nesses. 

In the sixth optical head 60, either one of the semicon- 
ductor lasers has been allowed to emit the light. How- 
ever, it is also possible to allow both of the semiconduc- 
tor lasers to simultancousiy emit the Ughts. In such a 
case, by designing two converging grating couplers for 
the optical disc having the same substrate thickness, two 
tracks on the optical disc 1 can be simultaneously repro- 
duced or recorded. Thus, there is an excellent effect 
such that the reproducing or recording transfer speed 
can fa« doubled. 

FIG 12 is a schematic perspective view showing a 
construction of an optical head of an optical disc appa- 
ratus according to the sixth embodiment of the inven- 
tion. 

In the diagram, the sij;th embodiment has substan- 
dally the same construction as that of the sixth optical 
head 60 shown in FIG. 11 except a third beam splitter 
81 and a waveguide mirror 82 and the same pans and 
components as those shown in FIG. 11 are designated 
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by the same reference numerals. That is, an optica] head 
of the sixth embodiment, namely, a seventh optical head 
80 is constructed in the following manner. In place of 
the second semiconductor laser 69 and the second 
■waveguide lens 70 in the sixth optical head 60 shown in 
FIG. 11, the third bean splitter 81 is arranged on the 
optical path between the waveguide lens 64 and the 
beam splitter 66. In the two waveguide lights divided by 
the third beam splitter 81, the waveguide mirror 82 is 
arranged in the direction of the waveguide divided in 
the direction diiTercnt from the direction of the first 
beam splitter 66 and the position of the mirror 82 is set 
to a position where the waveguide light reflected by the 
waveguide mirror 82 passes tiirough the second beam 
splitter 72. 

The operation of the seventh optical head 80 with the 
above construction will now be described hereinbclow. 

The driving current is supplied to the first semicon- 
ductor laser 63. The laser 63 emits a laser beam from 
one edge surface of the optica! waveguide 62. The laser 
beam propagates as a waveguide light. The waveguide 
light is converted into the parallel light by the first 
waveguide lens 64 and is divided into the transmission 
light and the reflected light by the third beam splitter 
81. The transmission light is transferred to the first con- 
verging grating coupler 65 through the first beam split- 
ter 66. The reflected light is reflected by the waveguide 
mirror 32 and enters the second converging grating 
coupler 71 through the second beam splitter 72. The 
subsequent operations are executed in a manner similar 
to those of the sixth optical heat 60 in the fii'th embodi- 
ment of the invention. 

According to the sixth embodimant as mentioned 
above, in addition to the etTects by the foregoing fifth 
cmbodLment, by dividing the waveguide light emitted 
from one semiconductor laser into two lights by the 
third beam splitter 81 and guiding to the respective 
converging grating coupie.'s, the number of semicon- 
ductor lasers which are used can be reduced. 

Although the sixth embodiment has been described 
on the assumption that the number of thicknesses of the 
disc substrates is set to two kinds of thicknesses, the 
invention can be also applied to three or more kinds of 
thicknesses of the disc substrates. Now, assuming that 
the number of kinds of thicknesses of the disc substraLes 
is equal to N, it is sufficient to use .N' converging grating 
couplers and (N — 1) bea.'n splitters for dividing the 
waveguide light emitted from the se.Tiiconductor laser. 
To equalize ail of light quantities of the laser beams 
■which are converged onto the discs, it is preferable to 
design the beam spiiners so as to set division ratios of 
the light quantities of the beam splir.ers as follows. 

1 : y - 1 

1 . .V - 3 



FIG. 13 is a schematic perspective view showing a 
construction of an optical head of an optical disc appa- 
ratus according to the seventh embodiment of the in- 
vention. FIG. 14 is a block diagram showing a construc- 
tion of the optical disc apparatus. 
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A construction of the optica] head in FIG. 13 wUI b« 
first described in dcLai]. 

In the diagram, since the optical disc 1, information 
tracl; 2(X}, substrate 61, optical waveguide 62, first semi- 
conductor laser 63 and first waveguide lens 64 are fun- 
damentally identical to the component elements in the 
seventh optical head 80 shown in FIG 12, their detailed 
descriptions are omitted here. Reference numeral 91 
denotes an SAW (surface acoustic wave) transducer 
arranged on the optical waveguide 62 so that a surface 
acoustic wave generated by the SAW transducer 
crosses the optical path of the waveguide light emitted 
from the first waveguide leas 64. The SAW transducer 
91 is constructed by a cross finger electrode comprising 
a piezoelectric transducer of ZaO or the like. Reference 
numeral 92 indicates a surface acoustic wave generated 
by the SAW transducer 91; 96 a third converging grat- 
ing coupler formed on the optical path of the wave- 
guide b'ght which has been dOTractcd by such a surface 
acoustic wave 92 and propagates in the first direction; 
and 97 a fourth converging grating coupler which is 
likewise formed on the optical path of the waveguide 
light propagating in the second direction. Each of the 
couplers 96 and 97 emits the waveguide light to a region 
out of the optical waveguide 62 and converges onto the 
optical disc 1. Reference numeral 93 denotes a fourth 
beam splitter which is arranged between the first wave- 
guide lens 64 and the progressing path of the surface 
acoustic wave 92 and reflects the waveguide light re- 
turned into the optical waveguide 62 through the third 
or founh converging grating couplers 96 and 97 after it 
had been reflected by the optical disc 1. Reference 
nume.'-al 94 denotes a third waveguide converging lens 
which is arranged on the optical path of the return light 
reflected by the fourth beam splitter 93 and converges 
the return light and 95 indicates a third photo detector 
which is coupled to the side surface of the optical wave- 
guide 62 and detects the return light converged by the 
third waveguide converging 'ens 94. 

The above SAW transducer has also been described 
in detail in the foregoing "Optical Integrated Circuit" 
or the like and both of the wcil-'ciown optical wave- 
guide and waveguide type device described in the 
above literature can be also obviously used. 

The operation of the optica! head in the seventh em- 
bodiment with the above construction will now be de- 
scribed hereinbelow. 

The first semiconductor laser 63 emits a laser beam 
from one edge surface of the optical waveguide 62. The 
laser beam propagates as a waveguide light. The wave- 
guide light is converted into the parallel light fay the 
first waveguide lens 64 and transmits through the fourth 
beam spiirter 93. After that, the light transverses the 
surface acoustic wave 92 generated from the SAW 
transducer 91. At this time, the propagatmg direction of 
the parallel waveguide light is changed by an acoustic 
optical interaction with the sunace acoustic wave 92. 
Since a deflection angle at this time changes in accor- 
dance with a frequency of the surface acoustic wave 92, 
the waveguide light can be propagated in any one of the 
directions of the third and fourth converging grating 
couplers 96 and 97 in accordance with frequencies of 
high-frequency voltages which are applied to the SAW 
transducer 91 from the outside (it is now assumed that 
the frequencies of the high-frequency frequency volt- 
ages are set to fj and fi, respectively). In the case of the 
fu-st optical disc, therefore, the high-frequency voltage 
of the frequency fj is applied to the SAW transducer 91 
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from the outside, thereby allowing the paraJlel wave- 
guide light to enter the third converging grating cou- 
pler 96. The third converging grating coupler 96 ex- 
tracts the paxallei waveguide light to a region out of the 
optical waveguide 62 ajid converges onto the informa- 
tion track 200 on the first optica] disc 1. Tdc reflected 
light from the disc surface agadn enters the optical 
waveguide 62 through the third grating coupler 96 and 
propagates as a return waveguide light in the opposite 
direction. The progressing direction of the waveguide 
light is changed by the surface acoustic wave 92 and, 
after that, the waveguide light is reflected in the direc- 
tion of the third waveguide converging lens 94 by the 
fourth beam splitter 93. Tne third waveguide converg- 
ing lens 94 converges the return lighi to the third photo 
detector 95. The third photo detector 95 detects the 
information signal and the servo signals such as focusing 
error signal, tracking error signal, and the like which 
have been recorded on the first optical disc 1 on the 
basis of an intensity and an inter^sity distribution of the 
return light and generates to the outside. By modulating 
the driving current which is supplied to the first semi- 
conductor laser 63, an eighth optical head 90 emits the 
intensity modulated laser beam, thereby recording or 
erasing the information signal onto/from the fu-st opti- 
caJ disc 1. 

On the other hand, in the case of the second optica! 
disc, the high-frequency voltage of the frequency fi is 
applied to the SAW transducer 91 from the outside, 
thereby allowing the paraJIei waveguide light to enter 
the founh converging grating coupler 97. The subse- 
quent operations are executed in a manner similar to 
those in the case of the furst optical disc. 

The substrate 61 is supponed from the head base by a 
focusing actuator and a tracking actuator (not shown). 
The position of the substrate 61 itself is controlled by 
the SC.-VO signals so that the laser beam is accurately 
irradiated onto the information track 200 on the disc' 

An optical disc apparatus having the eighth optica! 
head 90 mentioned above will now be described with 
reference to FIG. 14. 

In the diagram, the optical disc 1, cartridge 2, first 
linear motor 4, discrimination hole 7, LED 8, photo 
diode 9, tracking control circuit 11, focusing control 
circuit 13, linear motor control circuit 15, spindle con- 
trol circuit 17, spindle motor 18, signal processing cir- 
cuit 19, LD drivmg circuit 20 and system controller 22 
arc the same as those in the optical disc apparatus in the 
third embodiment according to the invention. Refer- 
ence numeral 90 denotes the eighth optical head which 
is constructed by the waveguide substrate, focusing 
actuator, tracking actuator, head base and the Like. Ref- 
erence numeral 85 denotes a constant volLage generat- 
ing circuit which receives a control signal from the 
system controller 22 and generates a predetermined 
voltage V,-. Reference numeral 86 denotes a V/f con- 
vening circuit which receives the voltage V, from the 
constant voltage generating circuit 85 and generates a 
high-frequency signal cf a frequency f which is propor- 
tional to V,. The V/f converting circuit 86 generates a 
high-frequency signal of the frequency fi when the 
input voltage V, = Vi and generates a high frequency 
signal of the frequency when V, = V2. Re.fcrsnce 
numeral 87 denotes an SAW driving circuit to apply a 
high-frequency voltage of the same frequency as the 
frequency f of the high-frequency signal supplied from 
the V/fconvcning circuit 86 to the SAW tra,-isduc:r 91 
of the eighth optical head 90. 
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The operation of the optica] disc apparatus in the 
seventh embodirnent with the above construction will 
now be described hcrcinbclow. 

First, if the cartridge 2 enclosing the second optical 
disc has been loaded into the optical disc apparatus of 
the seventh embodiment, the system controller 22 de- 
termines that the disc in the loaded cartridge 2 is the 
second optical disc by the detection signal of the photo 
diode 9, so that the controiler 22 generates a control 
signal to the constant voltage generating circuit 85 so as 
to generate the voltage Vj. The V/f converting circuit 
i6 converts the input voitage V2 into the frequency fi, 
so that the SAW driving circuit 87 applies the high-fre- 
quency voltage of the frequency fz to the SAW trans- 
ducer 91 of the eighth optical head 90. Therefore, in the 
eighth optical head 90, the laser beam is irradiated from 
the second converging grating coupler 97 and is con- 
verged without an aberration onto the information 
track 200 on the second optical disc having the disc 
substrate of the thickness d2. At the same time, the third 
photo detector 95 of tie eighth optical head 90 detects 
a focusing error signal and a tracking error signal from 
the reflected light from the optical disc and supplies to 
the tracking control circuit 11 and the focusing control 
circuit 13. Further, the information signal on the disc is 
supplied to the signal processing circuit 19 and the spin- 
dle control circuit 17. 

On the other hand, m the case of the first optical disc, 
the system controiler 22 generates a control signal to 
the constant voltage generating circuit 85 so as to gen- 
crate the voltage Vj. The V/f converting circuit 86 
converts the input voltage Vj into the frequency fj, so 
that the SAW driving circiiit 87 appUes the high-fre- 
quency voltage of the frequency fj to the SAW trans- 
ducer 91 of the eighth optical head 90. Therefore, in the 
eighth optical head 90, a laser beam is emitted from the 
first converging grating coupler 96 and is converged 
without an aberration onto the information track 200 on 
the first optical disc having the disc substrate of the 
thickness di- The other operations are c;^ccuted in a 
marjier similar to those in the case of the foregoing 
Siccnd optic:aJ disc 

According to the embodiment as mentioned above, in 
addidon to the effects of the above sLi^th embodiment, 
the number of semiconductor lasers which arc neces- 
sary in the eighth optical head 90 is otily one and each 
of the converging grating couplers docs not simulta- 
neously emit the laser beam, so that an emission power 
of the semiconductor laser can be efficiently taken out 
of the converging grating coupler. That is, the optical 
head having a transfer eiTiciency better than that of the 
seventh optical head 80 in the foregoing sixth embodi- 
ment can be provided. 

Further, by arranging the fourth beam spiittcr 93 
between the waveguide iens 64 and the SAW trans- 
ducer 91, the return lights from the two converging 
grating couplers can be detected by one photo detector. 

Although the number of thicknesses of the disc sub- 
strates has been set to two kinds of thicknesses in the 
embodiment, the invention can be also obviously ap- 
plied to three or more kinds of thicknesses of the disc 
substrates. In such a case, the number of converging 
grating couplers is increased in accordance with the 
number of kinds of thicknesses and the optical paths are 
switched by the SAW transducer 91 in accordance with 
the increased number of such couplers. 

An optical disc apparatus in the eighth embodiment 
of ths invention will now be described. 
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FIG. 15 is a block diagram showing a construction of 
the optical disc apparatus in the eighth embodiment. In 
the diagram, reference numcraJ 1 denotes the fint or 
second optical disc; 2 the cartridge; 4 the linear motor, 
7 the discrimination hole; 8 the LED; 9 the photo diode; 
13 the focusing control circuit; 15 the linear motor 
control circuit; 17 the spindle control circuit; 18 the 
spindle motor; 19 the signal processing circuit; 20 the 
LD driving circuit; 22 the system controller; 85 the 
constant voltage generating circuit; 86 the V/f convert- 
ing circuit; and 87 the SAW driving circuit. The above 
component elements are the same as those in the optical 
disc apparatus in the seventh embodiment of FIG. 14 
and their detailed descriptions axe omitted here. Refer- 
ence numeral 90 denotes an optical head which is sub- 
stantially the same as the eighth optical head 90 men- 
tioned above except that the optical head in the eighth 
embodiment docs not have a tracking actuator. There- 
fore, the optical head in FIG. 15 is also referred to as an 
eighth optical head 90 hereinafter for convenience of 
explanation. Reference numeral 100 denotes a tracking 
error detecting circuit which receives a tracking error 
signal from the third photo detector 95 of the eighth 
optical head 90 and generates a tracking error voltage 
VT-^to an adder 101. which will he explained hereinaf- 
ter. Reference numeral 101 denotes the adder. Tne 
voltage V7-£which is generated from the tracking error 
detecting circuit 100 and the voltage V, which is gener- 
ated from the constant voltage generating circuit 85 are 
supplied to the adder 101, so that the adder generates a 
voltage Vo (V'o=V72.i-V;) to the V/f converting cir- 
cuit 86. The V/f convening circuit 86, SAW driving 
circuit 87, tracking error detecting circuit lOO, and 
adder 101 construct a tracking control circuit 102. That 
is, it is the inventive point of the eighth embodiment 
that the tracking control is executed by using the SAW 
transducir 91 of the eighth optical head 90. 

The principle of the tracking control of the eighth 
cm'oodLrrxent will now be described hereinbeiow with 
reference to the drawings. FIG. 16 is an enlarged sche- 
matic perspective view of the converging grating cou- 
pler, SAW transducer, and ponion where a surface 
acoustic wave has been formed. The waveguide light 
which enters the converging grating coupler is oscil- 
lated betw'een solid lines and broken lines in accordance 
with a microchange of the frequency of the surface 
acoustic wave. Such an oscOladon angle is called a 
deflection angle (shown by 0). Therc.'bre, the emission 
light from the converging grating coupler is also oscil- 
lated and the converged spot moves. Since the deflect- 
ing angle S changes in almost proportional to the fre- 
quency of the surface acoustic wave, by changing the 
frequency in accordance with the tracking error 
amount, the converged spot can be accurately posi- 
tioned onto the information track. 

The operation of the optical disc apparanis of the 
embodiment constructed as shown in FIG. 15 will now 
be described hereinbeiow. First, if the disc in the loaded 
cartridge 2 is the second optical disc, the system con- 
troller 22 controls the constant voltage generating cir- 
cuit 85 so as to set the output voltage V,- into V'l. Tne 
output voltage Vrsof the tracking error detecting cir- 
cuit 100 has been initialised to "0". Tnc adder 101 adds 
the voltages V, and Vrs and generates the voltage Vq 
( = V2) to the V/f convcr.'.ng circuit 86 Tne V/f con- 
verting circuit 86 changes a frequency f[ of an output 
signal in accordance with the input voltage Vq. The 
optica! disc apparatus has been designed in a manner 
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such that the signal of a frequency (i(=U) is generated 
when Vo= Vi and the signal of a frequency f, C=f2) is 
generated when Vo=V2and the frequency f,changes in 
proportion to the input voltage Vq. Therefore, the V/f 
converting circuit 86 supplies a high-frequency signal of 
the frequency f: to the SAW driving circuit 87. The 
SAW driving circuit 87 applies a high-frequency volt- 
age of the frequency fj to the SAW transducer 91 of the 
eighth optical head 9Q. In the eighth optical head 90, 
consequently, the laser beam is emincd from the fourth 
converging grating coupler 97 and is converged with- 
out an aberration onto the information track on the 
second optical disc. At the same time, Ln the eighth 
optical head 90, the re.lccted light from the disc is de- 
tected by the third photo detector 95. A tracking error 
signal is supplied to the tracking error detecting circuit 
100. A focusing error signal is supplied to the focusing 
control circuit 13. The information signal is supplied to 
the spindle control circuit 17 and the signal processing 
circuit 19. The tracking error detecting circuit 100 pro- 
duces the tracking error voltage Vte in accordance 
with a track deviation amount of the converged spot on 
the tnfonnatioo track 200 and supplies to the adder 101. 
The adder 101 sends the output voltage Vo=V2-rV7-£ 
to the V/f converting circuit &6 as mentioned above. In 
accordance with the output voitage Vq, the output 
signal frequency f, of the V/f converting circuit S6 is 
deviated from the frequency fi by a value correspond- 
ing to the tracking error (assumes df). As mentioned 
above, when the frequency of the driving voltage to the 
SAW transducer 91 changes, the emitting position of 
the light from the fourth converging grating coupler 97 
changes and the position of the converged spot on the 
optical disc 1 changes for the track. Therefore, by set- 
ting a converting eqtiadon between Vq and f, of the V/f 
converting circuit S6 so as to allow the converged spot 
on the optical disc 1 to approach the track, the tracking 
error is eliminated. The other operadons are executed in 
a manner similar to those of the optical disc apparatus in 
the seventh embodiment. 

On the other hand, in the case of the first optical disc, 
the system controller 22 controls the constant voltage 
generating circuit 85, thereby setting the output voitage 
V,-into Vj. Tnus, the V/f convening circuit ge.ier- 
ates a high-frequency signal of the frequency f; to the 
SAW driving circuit 87 and the SAW driving circuit 87 
applies a high-frequency voltage of the frequency fi to 
the SAW transducer 91 of the eighth optical head 90. 
Consequently, La the eighth opdcal head 90, the laser 
beam is emitted from the third converging grating cou- 
pler 96 and is converged without an aberration onto the 
informadon track 200 on the Tirsi optical disc. At the 
same time, the tracking error detiscting circuit 100 
supplies the tracking error voitage Vj-£to the adder 101 
from the input signal Tj. The input voltage of the V/f 
convening circuit 8^ is set to Vo=Vi-'-V7^ and the 
tracking error can be eliminated in a manner similar to 
the case of the second optical disc. 

FIG. 17 is a graph showing the principle of the track- 
ing control of the embodiment and shows the rclarions 
among the Vq and f, and the deflection angle of the 
waveguide iight in the eighth optical head 90. As shown 
in the graph, by varying the Voand fjby only an amount 
which is proportional to the tracking error signal from 
Vi, accordingly, fi as a center in the case of the first 
optical disc or by only an amount which is proportional 
to the tracking error signal from Vi, accordingly, as 
a center in the ca^e of the second optical disc, the oscil- 
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lation angle of the waveguide light can be finely varied. 
Therefore, by varying the emitting positions of the light 
beams from the two converging grating couplers, the 
converged spot can be allowed to trace on the track. 

According to the eight eaibodiment as mentioned 
above, in addition to the cfTects of the foregoing sev- 
enth embodiment, the change-over of the waveguide 
lights which enter the converging grating couplers and 
the tracking control can b« executed by the SAW trans- 
ducer 91. Thus, the oprical head can be simplified and 
the number of manufacturing steps can be reduced. 

Since the surface acoustic wave 92 is located between 
the fourth beam splitter 93 and the two converging 
gracing couplers, the return waveguide light from the 
optical disc 1 is not bfluenced by the tracking control 
on the opticaJ path after the surface acoustic wave 92. 
Toerefore, the converging position on the third photo 
detector is not moved by the tracking control, so that a 
deterioration in photo detection signal can be pre- 
vented. 

In the embodiment, although the SAW transducer 
has b«en us€d as both of the optical path switching 
means and the optical path deflecting means for track- 
ing control, the SAW transducer can be also provided 
for the optical head only for the tracking control. For 
instance, it is also possible to form the SAW transducer 
for the sixth optical .head 60 in the fifth embodiment or 
the seventh optical head 80 in the sixth embodiment and 
to execute the tracking control. 

We claim: 

1. An opticaJ recording/ reproducing apparatus for 
recording, reproducing or erasing an information signal 
by converging a light flux onto/from a recording layer 
through a transparent disc substrate, compriswg: 

(a) N optica! heads. N being greater than or equal to 
2, each comprising: 

light emitting means. 

objective lenses, whose aberrations have respectively 
been corr-ctsd for said N disc substrates having 
different thicknesses, each for converging the light 
flux wrJcb is emitted from the light emitting means 
onto the optical disc, and 

a plurality of photo delecting means each for detect- 
ing the reflected light from the optica! disc; 

(b) N optical head moving means which arc arranged 
below the optical disc and move the N optical 
heads in t.he radiai direction of the optical disc; 

(c) disc discriminati.-ig means for discriminating the 
thickness of the disc substrate of the loaded optical 
disc md for generating a discrimination signal in 
accordance with t.he result of the discrimination; 
and 

(d) control means t'or sclectmg the optical head hav- 
ing the objective lens in waich the occurrence of 
the abe.Tation due to the disc substrate is smallest 
in accordance with the discrjninaiion signal, 

wherein the selected optical head records, repro- 
duces or erases the uiformation signal onto/from 
the optica] disc. 

2. An apparatus according to claim 1, further com- 
prising backward moving means for moving the aon- 
selecled optica! heads to the outride of the optical disc 
for a period of time when the optical head which has 
been selected by the ccntroi mea.-.s is recordLng, repro- 
ducing, or erasL-g the •r.formatior. signal. 

3. An apparatus accorduig to claim 1, wherein said 
disc discriminating means comprises: 

a cartridge for enclosing the optical disc; 
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a discrimination hole which is formed on the car- 
tridge and whose opemng/closing state difTcrs in 
correspondence to the thickness of the disc sub- 
strate of the optical disc; and 

detecting means for detecting the opening/closing 
state of the discrimination hale and for generating 
a discrimination signal. 

4. An apparatus according to claim 2, wherein said 
disc dtscrimiaating means comprises: 

a cartridge for enclosing the optical disc; 

a discriminatioii hole which is formed on the car- 
tridge and whose opening/closing state differs in 
correspondence to the thickness of the disc sub- 
strate of the optical disc; and 

detecting means for detecting the opening/closing 
state of the discrimination hole and for generating 
a discrimixiation signal. 

5. An apparams according to claim 1, wherein numer- 
ical apertures of at least two or more of said N objective 
lenses differ. 

6. An apparatus according to claim 2, wherein numer- 
ical apertures of at least two or more of said N objective 
leases differ. 

7. An optica! recording/reproducing apparatus for 
recording, reproducing or erasing an information signal 
fay converging a light flux onto/from a recording layer 
through a transparent disc substrate, comprising: 

(a) an optical head having N, N being greater than or 
equal to 2, converging optical systems each com- 
prising: 

light emitting means, 

objective lens«, whose aberrations have respectively 
been corrected for said N disc substrates having 
different thicknesses, each for converging the light 
flu:? which is emitted from the light emitting means 
onto the optical disc, and 

a plurality of photo detccang means each for delect- 
ing the reflected light from the optical disc; 

(b) optical head moving means which is arranged 
beiow the optical disc and moves the optical head 
in the radial direction of the optical disc; 

(c) disc discriminating means for discriminating the 
thickness of the disc substrate of the loaded optica! 
disc and for generating a discrimination signal in 

. accordance with the result of the discrimination; 
and 

(d) control means for allowing the light emitting 
means, which belongs to the converging optical 

. system in which the occurence of the aberration 
due to the disc substrate is smallest in accordance 
with the discrimination signal, to emit light, 

wherein the selected converging optical system re- 
cords, reproduces or erases Lhc information signal 
onto/from the optical disc. 

8. An apparatus according to claim 7, wherein said 
disc discriminaring means comprises: 

a cartridge for enclosing the optical disc; 

a discrimination hole which is formed on the car- 
tridge and whose opening/closing state differs in 
correspondence to the thickness of the disc sub- 
strate of the optical disc; and 

detecting means for detecting the opening/'ciosing 
state of the discriminaticn hole and far g;n=ra£ing 
a discrimination signal. 

9. An apparatus according to claim 7, wherein numer- 
ical apcriurcs of at least two or more of said N objective 
lenses differ. 



10. An optica] recording/reproducing apparatus for 
recording, reproducing or erasing an information signal 
by converging a light flux onto/from a recording layer 
through a transparent disc substrate, comprising: 

(a) an optical head including: 
light emitting tneans, 

light flux dividing means which are arranged in the 
light flux from the eraitting means and divide the 
emitted light flux into N, N being greater than or 
equal to 2, light fluxes and deflect in dilTerent direc- 
tions, 

N objective lenses, whose aberrations have respec- 
tively been corrected for said N disc substrates 
having different thicioicsses, for respectively con- 
verging said N light fluxes onto the optical disc, 

light flax selecting means for selecting one of the N 
light fiuxes divided by the light flux dividing means 
and for allowing said light fiux to pass, and 

photo detecting means for detecting the light flaxes 
reflected by the optical disc; 

(b) optical head moving means which is arranged 
below the optical disc and moves the optical head 
in the radial direction of the optical disc; 

(c) disc discriminating means for discriminating the 
thickness of the disc substrate of the loaded optical 
disc and for generating a discrimiiiation signal in 
accordance with the result of the discrimination; 
and 

(d) control means for generating a control signal to 
the light flux selecting means in accordance with 
the discrimination signal and for selecting the light 
flux which passes through the objective lens in 
which the occurrence of the aberration due to the 
disc substrate b smallest, 

wherein the optical head records, reproduces or 
erases the infonnaiion signal onto/from the optical 
disc by the sciectcd light flux. 

11. Aa apparatus according to claim 10, wherein said 
disc discriminating means comprises: 

a cartridge for enclosing the optical disc; 

a discrimination hole which is formed on the car- 
tridge and whose opening/ciosing state diiTers in 
correspondence to the thickness of the disc sub- 
strate of the optical disc; and 

detecting means for detecting the opening,^c!csLng 
state of the discrimination hole and for generating 
a discrimLiation signal, 

12. An apparatus according to claim 10, wherein 
numerical apenures of at least two or more of said N 
objective lenses differ. 

13. An optical recording/reproducing apparatus for 
recording, reproducing or erasing an information signal 
by converging a light flux onto/from a ricording layer 
through a transparent dbc substrate, comprising: 

(a) an optica] head including: 

an optical waveguide formed on a substrate. 

N light emitting means each for emitting a wavegMide 
light into said optical waveguide, N being greater 
than or equal to 2, 

N converging grating couplers, whose aberrations 
have respectively been corrected for said N disc 
substrates having different thicknesses, each for 
emitting the waveguide light supplied from said N 
light emitting means to the outside of the optical 
waveguide and for allowing the rcfiec'.cd light 
. from the optical disc to enter, and 

N photo detecting means each for detecting reflected 
light and for generating an information signal; 
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(b) optical head moving means which is arranged 
below the opticaJ disc and moves the optical head 
in the radial direction of the optical disc; 

(c) selecting means for selecting the light emitting 
means to be allowed to emit the light from among 
the N emitting means; 

(d) disc discriminating means for discriminating the 
thickness of the disc substrate of the loaded optical 
disc and for generating a discrimination signal ac- 
cording to the result of the discrimination; and 

(e) control means for generating a control signal in 
accordance with the discrimination signal, for pro- 
viding said control signal to said selecting means 
and for allowing the light emitting means for emit- 
ting the waveguide light into the converging grat- 
ing coupler in which the occurrence of the aberra- 
tion due to the disc substrate is smallest, 

whereLii the optical head records, reproduces or 
erases the information signal onto/from the optical 
disc by the light flux from the selected Ught emit- 
ting means. 

14. An apparatus according to claim 13, wherein said 
disc discriminating means comprises: 

a cartridge for enclosing the optical disc; 

a discrimination hole which is formed on the car- 
tridge and whose opening/closing state differs in 
correspondence to the thickness of the disc sub- 
strate of the optical disc; and 

detecting means for detecting the opening/closing 
state of the discrimination hole and for generating 
a discrimination signal. 

15. An apparatus according to ciaira 13, wherein 
numerical apertures of at least two or more of the N 
converging grating couplers difler, 

16. An optical recording/reproducing apparatus for 
recording, reproducing or erasing an information signal 
by converging a light flux onto/from a recording layer 
through a transparent disc substrate, comprising: 

(a) an optical head including: 

an optical waveguide formed on a substrate, 

light emitting means for emitting a waveguide light 

into said optical waveguide, 
light dividing means for dividing the waveguide 

light emitted from the light emittLng means into N 

divided waveguide lights, N being greater than or 

equal to 2, 

said N converging grating couplers, whose aberra- 
d'cns have respectively been corrected for said N 
disc substrates having diiTcreat thicknesses, each 
for emitting each of said N divided waveguide 
lights to the outside of the optical waveguide and 
for allowing the reflected light from the optical 
disc to enter, and 

N photo detecting means for respectively detecting 
said reflected lights from the N converging grating 
couplers and for gcncraring information signals; 

(b) optical head moving means which is arranged 
below the opticaJ disc and moves the optical head 
in the radial direction of the optical disc; 

(c) output switching means for selecting and output- 
ting one of the output signals of said N photo de- 
tecting means; 

(d) disc discriminating means for discriminating the 
thickness of the disc substrate of the loaded optical 
disc and for generating a discrimination signal in 
accordance with the result of the discriminadon; 
and 
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(c) controL means for generating a control signal to 
the output switching means in accordance with the 
discrimination signal and for selecting the photo 
detecting means Into which the waveguide light 
eaters from the converging grating coupler in 
which the occurrence of the aberration due to the 
disc substrate is smallest. 

17. An apparatus according to claim 16, wherein said 
disc discriminating means comprises: 

a cartridge for enclosing the optical disc; 

a discrimination hole which is formed on the car- 
tridge and whose opening/closing state differs in 
correspondence to the thickness of the disc sub- 
strate of the optical disc; and 

detecting means for detecting the Qpcaing/ciosing 
state of the discrirciination hole and for generating 
a discrimination signal. 

18. An apparatus according to claim 16, wherein 
nimiericai apertures of at least two or more of the N 
converging grating couplers differ. 

19. An optical recording/reproducing apparatus for 
recording, reproducing or erasing an information signal 
by converging a light flu.t onto/from a recording layer 
through a transparent disc substrate, comprising: 

(a) an optical head including: 

an optica] waveguide formed on a substrate, 

light emitting means for emitting a waveguide light 
into said opticaJ waveguide, 

optical path switching means which is arranged on an 
optica] path of said waveguide light and switches 
the propagatiag direction of the wavegi^ide light in 
N directions in accordance with a control signal, N 
being greater than or equal to 2, 

N converging grating couplers, whose aberrations 
have respectively been corrected for said N disc 
substrates having different thicknesses and which 
are respectively arranged in said N propagating 
directions which are switched by said optical path 
switching means and emit the waveguide light to 
the outside of the optical waveguide and allow the 
reflected light from the optical disc to enter, and 

photo detecting means for detecting the reflected 
light and generating an information signal; 

(b) optical head moving means which is arranged 
below the optical disc and moves the optical head 
in the radial direction of the optical disc; 

(c) disc discriminacing means for discriminating the 
thickness of the disc substrate of the loaded optical 
disc and for generating the discrimination signal in 
accordance with the result of the discrimination; 
and 
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(d) control means for generating a control signal to 
the optica! path switching means in accordance 
with the discrimination signal and for switching the 
propagating direction of the waveguide light from 
the light emitting means to the direction of the 
converging grating coupler in which the occur- 
rence of the aberration due to the disc substrate is 
smallest, 

wherein the optical head records, reproduces or 
erases the information signal onto/from the optical 
disc by the light flux emitted from the selected 
converging grating coupler. 

20. An apparatus axxording to claim 19, wherein said 
optica] path switciiing means combines deflecting 
means for changing the propagating direction of the 
waveguide light by a deflection angle according to a 
Input signal, 

and wherein said apparatus comprises: 
tracking error detecting meajis for detecting a track- 
ing error amount of a converged spot which has 
been converged onto the optical disc and for gcnc"- 
ating a tracking error signal; and 
tracking control means for changing the input signal 
to the deflecting means in accordance with sajd 
tracking error signal and for eliminating the track- 
ing error of the converged spot. 

21. An apparatus according to claim 19, wherein said 
disc discriminating means comprises: 

a cartridge t*or enclosing the optical disc; 

a discrimination hole which is formed on the car- 
tridge and whose opening/closing state differs in 
correspondence to the thickness of the disc sub- 
strate of the optical disc; and 

detecting means for detecting the opening/closing 
state of the discrimination hole and for generating 
a discrimination signal. 

22. An apparscus according to claim 20, wherein said 
disc discrimination means comprises: 

a cartridge for enclosing the optical disc; 

a discriminaticn hole which is formed on the car- 
tridge and whose opening/closing state differs in 
correspondence to the thickness of the disc sub- 
strate of the optical disc; and 

detecting means for detecting the opening/ciosmg 
Slate of the discrimination hole and for generating 
a d'lScrimLnation signal. 

23. An apparatus according to claim 19, wherein 
numerical apertures of at least two or more of the N 
converging grating couplers differ. 

24. An apparatus according to claim 20, wherein 
numerical apertures of at least two or more of the N 
converging grating couples differ. 

25. An optical recordine/reproducing 
apparatus for recording, reproducina or erasing 
an informadon signal oiUo/from an optica! disc 
having at least a tratisparent substrate and an 
information laver bv convergins a liglu Ou-x onto 
said inFortnaLion layer through said transparent 
siibstralc, comprising an oiMical means iiaving 
one of (al N (wh.ere N>2) different numerical 
apertures, (b) N different focal distances and fc) 
N different working distances, for converging the 



light fltix on said inforination laver. wherein said 



optical disc corresponds to one of N types of 
optical discs provided witti transparent substrates 
having different thicknesses and said optical 
converging means converges said light flux by 
employing one of (a) a larger one of said N 
numerical apertures, fb) a shorter one of said 
focal distances and (c) a shorter one of said 
working distances, with respect to one of said 
optical discs having a thinner one of said 
substrates. 

26. An optical recording/reproducing 
apparatus for recording, reproducing or erasing 
an information signal onto/from any selected one 
of N types (where N>2) of optical discs having 
transparent substrates of different thicknesses. 
each of said N optical discs having at least a 
transparent substrate and an information laver, by 
converging a light flux on said information laver 
through said transparent substrate, said apparatus 
comprising: 

at least one light emitting means for 
emitting said light flux: 

N converging means having one of (a) 
different numerical apertures, fb) different focal 
distances and (c) different working distances and 
performing aberration correction over a 
transparent substrate of a respective one of said 
N optical discs, each of said N converging means 
operating to converge said light flux on the 
information layer of one of the N optical discs: 
and 

at least one photo detecting means for 
detecting reflected light from said optical discs. 

wherein one of said converging means 
having (a) a larger one of said numerical 
apertures, fb) a shorter one of said focal distances 
and (c) a shorter one of said working distances. 
is selected for use with one of said N optical 
discs having a thinner one of said transparent 
substrates. 

27. An optical recordingTeoroducing 
apparatus according to claim 26. wherein each of 
said N converging means is an objective lens. 

28. An optical recording.' reproducing 
apparatus according to claim 26. wherein each of 
said N converging ;neans is a grating lens. 

29. An optical recording'reoroducing 
system for recording, reproducing or erasing an 
information signal onto/from anv selected one of 



N types ("where N>2) of optica] discs having 
transparent substrates of different thicknesses. 
each of said N optica! discs having at least a 
transparent substrate and an information laver. bv 
converging a light flux on said information laver 
through said transparent substrate, said apparatus 
comprising: 

at least one light emitting means for 
emitting said light flux: 

a single converging means for converging 
said light flux on said information laver: 

at least one optica! wave front 
transforming means, at least one of said at least 
one optical wave front transforming means being 
disposed in an optical path connecting a light 
source, said converging means and one of said N 
optical discs: and 

at least one photo detecting means for 
detecting reflected light from said one of said N 
optical discs. 

wherein N composite converging optical 
systems having one of (a) different numerical 
apertures, (b) different focal distances and (cl 
different working distances and each including 
said converging means and one of said N optical 
wave front transforming means respectively 
perform aberration correction over a transparent 
substrate of a respective one of said N optical 
discs, and one of said composite converging 
optical systems having one of fa) a larger one of 
said numerical apertures, fb) a shorter one of said 
focal distances and (c) a shorter one of said 
working distances, is selected for use with one of 
said N optical discs having a thinner one of said 
transparent substrates. 

30. An optical recording-'reoroducing 
apparatus according to claim 29. wherein said 
converging means is an objective iens. 

3 1 ■ An optical recording 'reproducing 
apparatus as in claim 29. wherein said 
converging means is a grating lens. 

32i An optical recording-'reoroducing 
apparatus for recording, reproducing or erasing 
an information signal onto/from anv selected one 
of N types (where N>21 of optica! discs having 
transparent substrates of different thicknesses. 
each of said N optica! discs having at least a 
transparent substrate and an information laver. bv 
converging a light flux on said information laver 



through said transparent substrate, said apparatus 
comprising: 

fa) N (where N>2) optical heads each 
including: (i) a linht emitting means For emitting 
a light flux, (iil a converging means for 
converging the light flux emitted from said light 
emitting means onto an information layer of one 
of said N optical discs loaded in said apparatus 
and fiii) at least one photo detecting means for 
detecting reflected light from said one of said N 
optical discs: 

(h) optical head moving means, adapted to 
be arranged on one side of an optica! disc loaded 
in said apparatus, for moving said N optical 
heads in a radial direction of said optical disc 
loaded in said apparatus: and 

(c) control means for selecting one of said 
iN" optical heads. 

wherein said converging means of each of 
said N optical heads have one of fal respective 
numerical apertures, fb) respective focal distances 
and (c) respective wording distances and perform 
aberration correction over transparent substrates 
of respective ones of said N optical discs, one of 
said N optica! heads provided with one of said 
converging means having one of fa) a larger one 
of said numerical apertures, fb) a shorter one of 
said focal distances and fc) a shorter one of said 
working distances, is selected for use with one of 
said N optica! discs having a thinner one of said 
transparent substrates, and said one of said N 
optical heads selected by said control means 
performs a recording, reproducing or erasing 
operation of said inforination signal on an optical 
disc loaded in said apoaratus. 

33. An apparatus according to claim 

32. further comprising disc discriminating means 
for discriminating a tvoe of said optical disc 
loaded in said apparatus and for outputting a 
discrimination signal according to a 
discrimination result, and wherein said control 
means selects one of said N optical heads 
provided with ofie of said converging means that 
generates a least aberration due to the transparent 
substrate of tlie optical disc loaded in said 
apparatus. 

34. An apparatus according to claim 

33. wherein said discriniinating means comprises: 



a cartridge for enclo.sing the optical disc 
loaded in said apparatus: 

said cartrid ge having a discrimination hole 
which has an open/closed state characteristic 
which differs depending on a type of said optical 
disc loaded in said apparatus: and 

detecting means for detecting the 
open/closed state characteristic of said 
discrimination hole. 

35. An apparatus according to claim 32. 
further comprising backward-moving means. 
operative when the optical head is selected by 
said control means, for moving ones of the 
optical heads not selected bv said control means 
to outside of the selected optical disc during a 
recording, reproducing or erasing operation of 
said information signal. 

Mi An apparatus according to claim 
32. further coinprising a light emission control 
circuit for controlling intensity of the light flux 
emitted bv said light emitting means: a focus 
control circuit for controHing a focus position of 
the light flux converged on the optica! disc: a 
tracking control circuit for controlling a tracking 
position of the light flux converged on the optical 
disc: and an optical head movement control 
circuit for controlling said optica! head moving 
means: at least one of said light emission control 
circuit, said focus control circuit, said tracking 
control circuit and said optica! head ;r:0vement 
control circuit being switched with respect to one 
of the N optical heads selected bv said control 
means. 

37. An apparatus according to claim 
32. wherein the transparent substrates of said N 
optical discs have thicknesses which include at 
least one of about Q.3mm and about [.2nim, and 
said converging means have numeral apertures 
which include at least one of about 0.-5 and 
about 0.8. 

38. An optica! recording/reproducing 
apparatus according to claim 32. where:n said 
converging means is an objective lens. 

l£i An optica! recording/reproducing 
apparatus for recording, reproducing or erasing 
an information signal onto/from, anv one of N 
types (where N^2) of op.icai discs having 
transparent substrates of different thicknesses 
each of said N optical discs having at least a 



transparent substrate and an information layer, by 
converging a light flux on said information laver 
through said transparent substrate, said apparatus 
comprising: 

(3) an optical head provided with N 
(where N>2) optical systems each including (\) 
light emitting means for emitting said light flux. 
Cii'^ a converging means for converging the light 
flux emitted from said light emitting means onto 
an information layer of one of said N optical 
discs loaded in said apparatus and (iii) photo 
detecting means for detecting reflected light from 
said one of said N optical discs: 

(h) optical head moving means, adapted to 
be arranged on one side of an optical disc loaded 
in said apparatus, for moving said optical head in 
a direction of the optical disc loaded in said 
apparatus to traverse a recording track thereof: 
and 

(c) control means for causing light 
emission of said light emitting means in one of 
said N focus optical systems. 

wherein said converging means of said N 
optical systems have one of (3.) respective 
numerical apertures, fb) respective focal distances 
and fc) respective working distances and perform 
aberration correction over transparent substrates 
of respective ones of said N optical discs, one of 
said N optical systems provided with one of said 
converging means having one of fa) a larger one 
of said numerical apertures, fb) a shorter one of 
said focal distances and (c) z shoner one of said 
working distances, is selected for use with one of 
said N optical discs having a thinner one of said 
transparent substrates, and the one of said focus 
optical systems having said light emitting means 
caused to emit light by said control means 
performs a recording, reproducing or erasing 
operation of said information signal on an optical 
disc loaded in said apparatus. 

40. An apparatus according to claim 
39. funher comprising disc discriminating means 
for discriminating a tvpe of said optical disc 
loaded in said apparatus and for outputting a 
discrimination signal according to a 
discrimination result, and wherein said control 
means causes light emission of the light emitting 
means of one of said focus optical svstems having 



the converging means that generates a least 
aberration due to the transparent substrate of the 
loaded optical disc. 

4_L An apparatus according to claim 
40. wherein said discriminating means comprises: 

a cartridge for enclosing the optical disc 
loaded in said apparatus: 

said cartridge having a discrimination hole 
which has an open/closed state characteristic 
which differs depending on a type of said optical 
disc loaded in said apparatus: and 

detecting means for detecting the 
open/closed state characteristic of said 
discrimination hole. 

42. An apparatus according to claim 
39. further comprising a light emission control 
circuit for controiling intensity of the light flux 
einitted bv said light emitting means: a focus 
control circuit for controlling a focus position of 
the light flux converged on the optical disc: and a 
tracking control circuit for controlling a tracking 
position of the light fiux converged on the optical 
disc: at least one of said light emission control 
circuit, said focus control circuit and said 
tracking control circuit being switched with 
respect to the selected one of the N optical heads 
havmg the focus optical systein having said light 
emitting means caused to emit light bv said 
control means. 

43. An apparatus according to claim 
39, wherein the transparent substrates of said N 
optical discs have thicknesses which include at 
least one of about 0.3m.m and about 1.2mm and 
said converging means have numeral apertures 
which include at least one of about 0.4.5 and 
about 0.8. 

44. An apparatus according to claim 
39, w'herein said converging means is an 
obiec:ive lens. 

~5. An optical recording/reproducing 
apparatus for recording, reproducing or erasing 
an information signal onto/from any of N tvpes 
(where N>2) of optical discs having transparent 
substrates of different thicknesses, each of said N 
optical discs having at least a transparent 
substrate and an information laver. bv converging 
a light flux on said information laver through said 
transparent substrate, said apparatus comprising: 



(a) an optical head including fi) a light 
emitting means for emitting a light flux, fii) a 
light flux dividing means arranged in a radiation 
direction of said light emitting means For dividing 
the light flux emitted from said light emitting 
means into N (where N>2'> light fluxes. Ciii) N 
converging means for converging said N light 
fluxes onto said information laver of one of said 
optical discs loaded in said apparatus and Civ) at 
least one photo detecting means for detecting 
reflected light from said one of said optical discs 
loaded in said apparatus: and 

(b) optical head moving means, adapted to 
be arranged on one side of said optical disc 
loaded in said apparatus, for moving said optical 
head relative to the optical disc loaded in said 
apparatus to traverse a recording track thereof: 

wherein said N converging means have 
one of (a) respective numerical apertures, fb) 
respective focal distances and (c) respective 
working distances and perform aberration 
correction over transparent substrates of 
respective ones of said N optical discs, one of 
said converging means having one of fa) a larger 
one of said numerical apertures, (b) a shorter one 
of said focal distances and (c) a shorter one of 
said working distances, is selected for use with 
one of said N" optical discs having a thinner one 
of said transparent substrates, and said optical 
head performs a recording, reproducing or 
erasing operation of said information signal on 
said optical disc loaded in said apparatus. 

46. An apparatus according to claim 

45. further comprising light flux selecting means 
for selecting and passing one of the N light fluxes 
divided bv said light flux dividing m.eans 
according to a control signal and control means 
for outputting said control signal to said light flux 
selecting means to select the light flux to be 
passed through, one of the N conversing means. 

^Jj. An apparatus according to claiiTi 

46, further comprising disc discriminating means 
for discriminating a tvpe or" said optical disc 
loaded in said apparatus and for outputting a 
discrimination signal according to a 
discrimination result, and wherein said control 
means selects one of the hgiu fluxes according to 
said discrimination signal to be passed through 
one of the converging means that generates a 



least aberration due to the transparent substrate of 

the optical disc loaded in said apparatus- 
es. An apparatus according to claim 

47. wherein said discriminating means comprises: 
a cartridge for enclosing the optical disc 

loaded in said apparatus: 

said cartridge having a discrimination hole 

which has an open/cIosed state characteristic 

which differs depending on a tvpe of said optica! 

disc loaded in said apparatus: and 

detecting means for detecting the 

open/closed state characteristic of said 

discrimination hole. 

49. An apparatus according to claim 
45. wherein the transparent substrates of said N 
optical discs have thicknesses which include at 
least one of about Q.3mm and about 1.2mm and 
said converging mjeans have numeral apertures 
which include at least one of about 0.45 and 
about 0.8. 

50. An optical recording/reproducing 
apparatus according to claim 45. wherein said 
converging means is an objective lens. 

51 ■ An optical recording/reproducing 
apparatus for recording, reproducing or erasing 
an information signal onto/from anv one of N 
types (where N>2) of optical discs having 
transparent substrates of different thicknesses, 
each of said N optical discs having at least a 
transparent substrate and an information iaver. by 
converging a light flux on said information layer 
through said transparent substrate, said apparatus 
comprising: 

(a) an optical head including (il light 
emitting means for emitting said liglu tlux. fii'i a 
converging means for converging said light flux 
onto said information laver. (in) N (where N>2') 
optical wave front transforming means, and fiv) 
at least one photo detecting means for detecting 
reflected light from the optical disc: and 

(b) optical head moving means, adapted to 
be arranged on one side of an optical disc loaded 
in said apparatus, for moving said optical head 
relative to the optical disc loaded in said 
apparatus to traverse a recording track thereof: 

wherein a plurality of converging optical 
svstems comprising at least one of (i^ said 
converging means and fii) said N optical wave 
front transforming means have one of fa^ 



respective numerica! aoerture.s. fb) respective 
focal distances and (c) respective working 
distances and perform aberration correction over 
respective transparent substrates of said N optical 
discs, one of said converging optica! systems 
iiaving one of fa) a larger one of said numerical 
apertures, (b) a shorter one of said focal distances 
and fc) a shorter one of said working distances is 
selected for one of said N ooticaJ discs having a 
thinner one of said transparent substrates, and 
said selected conversing optical svstem performs 
a recording, reproducing or erasing operation of 
said information signal on said optical disc loaded 
in said apparatus. 

52. An apparatus according to claim 
51. wherein said optical head further includes 
holding means for holding said N optica! wave 
front transforming means and for, responsive to a 
control signal, placing a selected one of said N' 
optical wave front transforming means in an 
optical path between said light emitting m.eans 
and said objective lens and control means for 
outputting said control signal to said holding 
means to place said selected one of said N optical 
wave front transforming means in the optical path 
between said light emiitting m.eans and said 
converging means. 

53. An apparatus according to claim 
51. further comprising disc discriminating means 
for discriminating a tvge of said optical disc 
loaded in said apparatus and for outputtmg a 
discrimination signal according to a 
discrimination result, and wherein saic control 
means selects one of the light tluxes according to 
said discrimination signal to be passed through 
one of the converging optical svstems :hat 
generates a least aberration due to the transparent 
substrate of the optica! disc loaded in said 
apparatus. 

>L An apparatus according ;o ciaim 
53. wherein said discriminatmg means comprises: 

a cartridge for enclosing the ocical disc 
loaded in said apparatus: 

said cartridge having a disc riir: nation hole 
which has an ooen/ciosed state ciiaracteristic 
which differs depending on a tvoe of said optical 
disc loaded in said apparatus: and 



detecting means for detecting the 
open/closed state characteristic of said 
discrimination hole. 

55. An apparatus according to claim 51. 
wherein the transparent substrates of said N 
optical discs have thicknesses which include at 
least one of about Q.3mm and about 1 .211101 and 
said converging optical systems have disc side 
numeral apertures which include at least one of 
about 0.45 and about 0.8. 

56. An optica! recording/reproducing 
apparatus according to claim 51. wherein said 
converging means is an objective lens. 

57. An optical recording/reproducing 
apparatus for recording, reproducing or erasing 
an infonr.ation signal onto/from any one of N 
types (where N>2) of optical discs having 
transparent substrates of different thicknesses, 
each of said optical discs having at least a 
transparent substrate and an information laver. by 
converging a light flux on said information layer 
through said transparent substrate, said apoaratus 
comprising: 

fa) an optical head including fi) a 
waveguide formed on a substrate, (n) N (where 
N>2') light emitting means for directing 
waveguide light into said waveguide, fiii") N 
converging grating couplers for directing the 
waveguide light received from said N light 
emitting means to outside of said waveguide and 
for receiving reflected light from an optica! disc 
loaded in said apparatus and Cw) N photo 
detecting means for detecting said reHected light 
through said converging grating couplers and for 
outputting the detected light as said information 
signal: 

(b) an optical head moving means, 
adapted to be arranged on one side of the optical 
disc loaded in said apparatus, for mioving said 
optical head in a radial direction of the optical 
disc loaded in said apoaratus: and 

fc) control means for providing a controi 
signal to select one of said N light emitting 
means to emit light. 

wherein said N converging grating 
couplers have one of fa) respective numerical 
apertures, (b) respective focal distances and fc) 
respective working distances and perform, 
aberration correction over transparent substrates 



of respective ones of said N optica! discs, one of 
said converging grating couplers having one of 
(a) a larger one of said nuinerical apertures, fb) a 
shorter one of said focal distances and (c) a 
shorter one of said working distances, is selected 
for use with one of said N optical discs having a 
thinner one of said transparent substrates, and the 
light flux emitted from said selected light 
emitting means causes said optical head to 
perform a recording, reproducing or erasing 
operation of said information signal on said 
optica! disc loaded in said apparatus. 

58. An apparatus according to claim 

57. further comprising disc discriminating means 
for discriminating a type of said optical disc 
loaded in said apparatus and for outputting a 
discrimination signal according to a 
discrimination result, and wherein said control 
means causes light emission of the light eiriitting 
means of one of said converging grating couplers 
that generates a least aberration due to the 
transparent substrate of the optical disc loaded in 
said apparatus. 

59. An apparatus according to claim. 

58. wherein said discriminating means comprises: 

a cartridge for enclosing the optical disc 
loaded in said apparatus: 

said cartridge having a discrimination hole 
which has an open/closed state characteristic 
which differs depending on a tvpe of said optical 
disc loaded in said apparatus: and 

detecting means for detecting the 
open/closed state characteristic of said 
discrimination hole. 

60. An apparatus according to claim 
57. further comprising a light emission coiurol 
circuit for controlling intensity of the light fiux 
emitted bv said light emitting means, said light 
emission control circuit being switched with 
respect to the selected one of the N converging 
grating couplers. 

61 . An apparatus according to claim 
57. wherein the transparent substrates of said N 
optical discs have thicknesses which include at 
least one of about 0.3mm and about 1.2mm; and 
said converging grating couplers liave numerical 
apertures which include at least one of about 0 -5 



and about 0.8 



62. An optical recording/ reproducing 
apparatus for recording, reproducing or erasing 
an information signal onto/from any one of N 
types (where N>2) of optical discs having 
transparent substrates of different thicknesses, 
each of said N optical discs having at least a 
transparent substrate and an information laver, by 
converging a light flux on said information layer 
through said transparent substrate, said apparatus 
comprising: 

(a) an optica! head including (i) a 
waveguide formed on a substrate, (ii) light 
emitting means for directing waveguide light into 
said waveguide. (u\) light flux branching means 
for branching the waveguide light received from 
said light emitting means into N fwhere N>2') 
branch waveguide lights, (iv) N converging 
grating couplers for directing said N branch 
waveguide lights to outside of said waveguide 
and also for receiving reflected light from the 
optical disc loaded in said apparatus and fv) N 
photo detecting means for detecting said reflected 
light through said N converging grating couplers 
and for outputting the detected light as said 
information signal; 

(b) an optical head moving mieans. 
adapted to be arranged on one side of the optical 
disc loaded in said apparatus, for moving said 
optical head in a radial direction of the optical 
disc loaded in said apparatus: and 

("c) control means for providing a control 
signal to select and output one of the output 
signals of said N photo detecting means, 

wherein said N converging grating 
couplers have one of fa) respective numerical 
apertures, (b) respective focal distances and (c) 
respective working distances and perform 
aberration correction over tra.nsparent substrates 
of respective ones of said N optical discs, one of 
said converging grating couplers having or.e of 
fa) a larger one of said numerical apertures. Cb) a 
shorter one of said focal distances and fc) a 
shorter one of said working distances, is selected 
for use with one of said N optical discs havuig a 
thinner one of said transparent substrates, and 
said optical head performs a recording, 
reproducing or erasing operation of said 
information signal on said optical disc loaded in 
said apparatus. 



63. An apparatus according to claim 

62, further comprising disc discriminating means 
for discriminating a type of said opticai disc 
loaded in said apparatus and for outputting a 
discrimination signal according to a 
discrimination result, and wherein said control 
means selects one of the output signals of said 
photo detecting means for detecting the reflected 
light returned through the converging grating 
coupler that generates a least aberration due to 
the transparent substrate of the optical disc loaded 
in said apparatus. 

64. An apparatus according to claim 

63. wherein said discriminating means comprises: 

a cartridge for enclosing the opticai disc 
loaded in said apparatus: 

said cartridge having a discrimination hole 
which has an open/closed state characteristic 
which differs depending on the type of said 
optical disc loaded in said apparatus: and 

detecting means for detecting the 
open/closed state characteristic of said 
discrimination hole. 

65. An apparatus according to claim 
62. wherein the transparent substrates of said N 
optical discs have thicknesses which include at 
least one of about 0.3mm and about 1.2mim and 
said converging grating couplers have numeral 
apertures which include at least one of about 0.45 
and about Q.8. 

66. An optical recording/reproducing 
apparatus for recording, reproducing or erasing 
an information signal onto/fi'Qm anv one of N 
types (where N>2) of optica! discs having 
transparent substrates of different thicknesses. 
each of said N optical discs having at least a 
transparent substrate and an information iaver. by 
converging a light flu.x on said information laver 
through said transparent substrate, said apparatus 
comprising: 

(a) an optical head including (i) a 
waveguide fornied on a substrate, (iil light 
emitting means for directing waveguide lig!it into 
said waveguide, fiiil optica! oath switching means 
arranged in an optical path of said waveguide 
light for switching a propagation direction of said 
waveguide light according to a control signal to 
N fwhere N>21 oropagatiofi directions. (W) N 
(where N>2) converging grating couplers. 



arranged in the N propagation clirecLions switched 
bv said optica! path switching means, for 
directing waveguide lights traveling in said N 
propagation directions to outside of said 
waveguide and for receiving reflected light from 
the optical disc loaded in said apparatus and fv) 
photo detecting means for detecting said reflected 
light through said converging grating couplers 
and for outputting the reflected ligiu as said 
information signal: and 

(b) an optical head m.oving means, 
adapted to be arranged on one side of the optical 
disc loaded in said apparatus, for moving said 
optical head in a radial direction of the optical 
disc loaded in said apparatus. 

wherein said N converging grating 
couplers have one of fa) respective nunierical 
apertures, fb) respective focal distances and (c) 
respective working distances and perform 
aberration correction over t.'-ansparent substrates 
of respective ones of said N optical discs, one of 
said N converging grating couplers l^.avins one of 
(a) a larger one of said numerical apertures, fb) a 
shorter one of said focal distances and fcl a 
shorter one of said working distances, is selected 
for use with one of said N optical di.scs having a 
thinner one of sa'd t.^ansoarert substrates, and 
said optical head performs a recording, 
reproducing or erasing operation of said 
infonruition signal on said ootica! disc loaded in 
said apparatus. 

67. An apparatus according to ciaiir, 
66. wherein the transparent ^illustrates of sa;d N 
optical discs have tnicknesses whic!i include at 
least one of about 0.3min and about 1.2nim and 
said converging grating couplers have numeral 
apertures which include at least one of about 0.45 
and about 0.8. 

6L An apparatus according to claim 
66. further coinorising disc discrimiratin.g u'.eans 
for discriminating a tvpe of sa:d optical di.sc 
loaded in said apparatus and for outputting a 
discriminatiofi signal according to a 
discrimination result, and control ir.eans for 
outputting said coiitroi signal to said optica! path 
sv/itching means in :csncnsc to said 
discrimination signal to switcii tiie proi.iagation 
direction of the waveguide hgiu from t!ie Hgiit 
emitting means to a direction of one of said 



converging grating couplers that generates a least 
aberration due to the transparent substrate of the 
optical disc loaded in said apparatus. 

69. An apparatus according to claim 
68. wherein said discriminating means comprises: 

a cartridge for enclosing the optical disc 
loaded in said apparatus: 

said cartridge having a discrimination hole 
which has an open/closed state characteristic 
which differs depending on the tvpe of said 
optical disc loaded in said apparatus: and 

detecting means for detecting the 
open/closed state characteristic of said 
discrimination hole. 

70. An apparatus according to claim 
66, wherein said optical oath switching means 
includes deflecting means for changing the 
propagation direction of the waveguide light by a 
deflection angle corresponding to a predetermined 
input signal: tracking error detecting means for 
detecting a tracking error Quantity of a spot 
converged on the optical disc and for outputting 
said tracking error quantity as a tracking error 
signal; and tracking control means for changing 
said input signal to said detlection means 
according to said tracking error signal to remove 
a tracking error of said converged spot. 

ZL An apparatus according to claim 
66. wherein said optical oath switching means is 
a surface acoustic wave transducer arranged to 
intersect with the optical path of the waveguide 
light emitted from said light emitting means. 

72. An optical recording.' reproducing 
system for recording, reproducing or erasing an 
information signal onto/froi-n anv one of plural 
optical discs each having at least a transparent 
substrate and an inform.ation laver bv converging 
a light flux on said informa:ion laver through said 
transparent substrate, said svstem coir.orising- 

a piuraiitv of ootica! heads: 

a plurality of optica! head moving ineans. 
adapted to be arranged on one side or an optical 
disc loaded in said apparatus in a radial direction 
of said optical disc on a center thereof, for 
moving said optical head in a direction relative to 
the optica! disc so as to traverse a recording track 
thereof: and 

a cartridge for enclosing anv one of said 
optical discs and having N openings arranged in a 



radiai direction of an optical disc enclosed therein 
on the center thereof. 

TL. An apparatus according to claim 
72. wherein said optical discs have transparent 
substrates of different thicknesses. 

74^ An apparatus according to claim 
72. wherein the N openings of said cartridge are 
mutually independently opened and closed. 

75. An apparatus according to claim 
72. wherein said cartridge has a discrimination 
hole for providing an indication of a tvpe of the 
optical disc loaded in said apparatus. 

76. An optical recording/reproducing 
apparatus for recording, reproducing or erasing 
an information signal onto/from an optical disc 
having at least a transparent substrate and an 
informadon laver bv converging a light flux on 
said information laver through said transparent 
substrate, said apparatus comprising: 

at least one light einitting means for 
em.itting a light flux: 

a converging means for converging said 
light flux on said information laver of one of N 
(where N>2) optica! discs loaded in said 
apparatus and performing aberration correction 
over respective transparent substrates of said N 
optical discs having different thicknesses: and 

at least one photo detecting ineans for 
detecting reflected light t'rom said optical disc 
loaded in said apparatus through said convergmg 
means and for outputting tlie detected reflected 
light as an electrical signal. 

wherein the thickness of the transparent 
substrate of the optical disc is discriminated by 
said electrical signal. 

ZL An optical recording/reproducing 
apparatus according to claim 76. wherein said 
converging means is one of an objective lens and 
a grating lens. 

78. An optical recording^reoroducing 
apparatus for recording, reproducing or erasing 
an information signal onto/from an optical disc 
having at least a transparent substrate and an 
information laver bv converging a light flux on 
said information laver th-rough said transparent 
substrate, said apparatus comprising: 

at least one light emitting means for 
emitting a light tlux: 



a single objective lens for converging said 
light flux on said information laver: 

N fwhere N>21 optical wave front 
transforming eiements one of which is arranged 
in an optical path between said light emitting 
means and said objective lens: and 

at least one photo detecting means for 
detecting reflected light from said optica! disc 
through said objective lens and for outputting the 
detected reflected light as an electrical signal. 

wherein composite converging optical 
systems corresponding to combinations of fi) said 
objective lens and (ii) said N optical wave front 
transforming means perform aberration correction 
over respective transparent substrates of N optical 
discs having different thicknesses, and the 
thickness of the transparent substrate of the 
optical disc loaded in said apparatus is 
discriminated bv said electrical signal 

79. An optica! recording/reproducing 
apparatus for recording, reproducing or erasing 
an information signal onto/from an optical disc 
having at least a transparent substrate and an 
information laver bv converging a light flux on 
said information laver through said transparent 
substrate, said apparatus comprising: 

at least one light emitting means for 
emitting a light flux: 

N grating lenses for performing aberration 
correction over respective transparent substrates 
of N (where N>2) optica! discs having different 
thicknesses to converge said light flux on said 
inform.ation laver of one of said optica: discs 
loaded in said apparatus: and 

at least one photo detecting means for 
detecting reflected light from said optical disc 
loaded in said apparatus through said g-ating 
lenses and for outputting the detected reflected 
light as an electrical signal. 

wherein the thic:<ness of the transparent 
substrate of the optical disc loaded in said 
apparatus is discriminated bv said elecrrica! 
signal. 

80^ An optical recording-'rep'oducing 
apparatus for recording, reproducing or erasing 
an information signal onto/from anv cue of N 
types fwhere N>21 of optical discs having 
transparent substrates of different thicknesses, 
each of said N optical discs having at least a 



transparent substrate and an information laver. by 
converging a light flux on said information laver 
through said transparent substrate, said apparatus 
comprising: 

fa) an optical head including (i) light 
emitting means for emitting said light flux. (W) 
optical means for converging said light flux onto 
said information laver. and fiii) at least one photo 
detecting means for detecting reflected light from 
the optical disc: and 

(b) optical head moving means, adapted to 
be arranged on one sice of an optical disc loaded 
in said apparatus, for moving said optica! head 
relative to the optical disc loaded in said 
apparatus to traverse a recording track thereof: 

wherein said optica! means comprises one 
of fa) N different numerical apertures. Co) N 
different focal distances and (c) N different 
working distances and performs aberration 
correction over respective transparent substrates 
of said N optical discs, one of fa) a larger one of 
said numerical apertures. (bl a shorter one of said 
focal distances and (c) a shorter one of said 
working distances is selected for one of said N 
optical discs having a thinner one of said 
transparent substrates, and said optical means 
performs a recording, reproducing or erasing 
operation of said infor-'iation signal on said 
optical disc loaded in said apparatus. 

81^ An appa.'atus according to claim 

80. further comprising disc discriminating means 
for discriminating a tvpe of said optical disc 
loaded in said apparatt:s and for outputting a 
discrimination signal according to a 
discrimination result, a.-d a control means for 
selecting the converged light flux, according to 
said discrimination sigi'ai. that generates a least 
aberration due to the trr.-.sparent substrate of the 
optical disc loaded m sa:d apparatus. 

82^ A:. appar-.:us according to claim 

81. wherein said discrin-inating means comprises: 

a cartridge for erclosing the optical disc 
loaded in said apparatus: 

said cartridge ha--ing a discriinination hole 
which has an onen/closed state ch aracteristic 
which differs depending on a tvpe of said optical 
disc loaded in said aopa"tus: and 



detecting means for detecting the 
open/closed state characteristic of said 
discrimination hole. 

83. An apparatus according to claim 80. 
wherein the transparent substrates of said N 
optical discs have thicknesses which include at 
least one of about 0.3mm and about 1.2mm and 
said converging optical systems have disc side 
numeral apertures which include at least one of 
about 0.45 and about 0.8. 



[ABSTRACT 

Ail optical disc apparatus for recording, reproducing or 
erasing an information signal by converging a light flu;; 
onto a recording layer tlirough a transparent substrate. 
The apparatus includes one or a plurality of optica! 
heads having a plurality of objective lenses whose aber- 
rations have respectively been corrected for a plurality 
of disc substrates of difTercnt thicknesses, acartridgc for 
enclosing the optical disc, a discrimination hole which 
is formed on the cartridge, and a sensor for detecting 
the opening/closing sutc of the discrimination hole and 
for generating a discrimination signal. In accordance 
with the result of the discrimination as to the thickness 
of the loaded optical disc, the objective lens, in which 
the occurrence of the aberration is smallest, is used, so 
that the information signal can preferably be recorded, 
reproduced or erased onto/from the optical discs hav- 
ing difTercnt substrate thicknesses. Instead of an optical 
head having objective lenses, an optica! head having a 
waveguide and a plurality of converging grating cou- 
plers whose aberrations have respectively been cor- 
rected for a plurality of disc substrates of different 
thicknesses is provided to achieve the same object. ] 



ABSTRACT OF THE DISCLOSURE 

An optical recordiiiii/renroducing apparatus 
for recordint;. renroducinu or erasina an inforination 
siun:il onto/from an optical disc hnvinu al leas! a 
trans-parent .suh.slrate and an inforniation hiver bv 
ct>nverL'inu' a liL'hl flux on (he inrorir.ation hiver 
through Ihe transparent substrate. The apparatus 
includes optical ct^nverL'ing device.';, with different 
niiiiierical aneiltnes, focal dis(ance.s or workiriL' 
distances, such a.s ubict;tivc ienyes or L'ratmij len.scs. 
tor performmL' aberration correction over a plurality 
of transparent substrates of diffeient thicknesses oF 
optical discs and a device for discriminatmg the tvne 
of optical disc based on the thicknesses of the 
transparent .substrates. One of the optical converging 
devices that generates the least aberration is used 
according to a result of the discriintnation oF (he 
thickness of the optical disc loaded in (he apparatus 
to cause the inFonnation sigi]al to be suitably 
recorded, reproduced or era.sed onto/froni the optical 
discs having the different substrate lhickne.sses. 
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FIG. 2 
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FIG. 3A 
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DECLARATION 

I, as a below-named inventor, hereby declare that my 
residence, post office address and citizenship are as stated 
below adjacent my name, that I verily believe I am an original, 
first and joint inventor of the invention described and claimed 
in Letters Patent No. 5,235,581 issued August 10, 1993 and in 
the specification filed August 5, 1991 and for which invention I 
solicit a reissue patent; that I have reviewed and understand 
the contents of the specification attached hereto, including the 
claims; that I acknowledge my duty to disclose informaiion of 
which I am aware which is material to the exam-nation of this 
Reissue Application in accordance with Title 37, Code of Federal 
Regulations, §1. 56(a); and that no application for patent or 
inventor's certificate on this invention has been filed in any 
country foreign to the United States prior to filing c: 
Application Serial No. 740,629 (from which Patent 5,233,531 
issued) by me or my legal representatives or assigns, except as 
follows : 

Japanese Patent Application Nos. 02-212537 filed August 9, 1990, 
02-285006 filed October 22, 1990, and 03-04479; filed Marcn 11, 
1991. 

The priority of Japanese application nos. 02-212537, 02- 
285006 and 03-044798 was claimed in said U.S. applicawion and is 
also hereby claimed in this Reissue Application and certified 
copies are available in the patent file. 

I further declare that I believe said Let-ers Patent is, 
through error and without deceptive intent, partly inoperative 
by reason of our claiming less than we had a r.ght to clai:a in 
the patent. 

The above-referenced error is corrected herein by addinc 
some broader claims and some more specific cla.Tis. 

We hereby appoint tne following as our attorneys of record 
with full power of substitution and revccatior to prosecute tnis 
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application and to transact all business in the Patent and 

Trademark Office. 

Ellsworth H. Mosher, Registration No. 14,717; Richard C. 
Harris, Registration No. 17,194; William A. Knoeller, 
Registration No. 20,929; James E. Ledbetter, Registration No. 
28,732; Thomas P. Pavelko, Registration No. 31,689; James A. 
Poulos, Registration No. 31,714; and Anthony P. Venturino, 
Registration No. 31,674. 

All correspondence in connection with this application 

should be sent to: 

STEVENS, DAVIS, MILLER & MOSHER, L.L.P. 
515 N. Washington Street 
P.O. Box 1427 
Alexandria, VA 22314 
Telephone (703) 549-7200 

I, as an undersigned inventor, further declare that all 
statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be 
true; and further that these statements were made with the 
knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 
of Title 18 of the United States Code and that such willful 
false statements may jeopardize the validity of the reissue 
application or of any reissue patent to issue thereon. 

Naoyasu MIYAGAWA 

"^(Signatur^f ^ (Date) 
Residence: Suita-shi, Japan 
Citizenship: Japanese 

Post Office Address: 17-21-202, Fu j igaokacho , Suita-shi, Japan 
Yasuhiro GOTOE! 



* (Signature) (Date) 
Residence: Kadoma-shi, Japan 
Citizenship: Japanese 

Post office Address: 5-1-710, Yanagimach i , Kadoma-shi, Japan 
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